AD-A061  711  ARMY  ENGINEER  WATERWAYS  EXPERIMENT  STATION  VICKSBURG  MISS  F/G  13/2  N 

CONCRETE  AND  ROCK  CORE  TESTS#  MAJOR  REHABILITATION  OF  STARVED  R— ETC(U) 

SEP  78  R L STOWE#  B A PAVLOV#  G S WONG 
UNCLASSIFIED  WES-MP-C-78-12  NL 


MISCELLANEOUS  PAPER  C-78-12 


CONCRETE  AND  ROCK  CORE  TESTS 
MAJOR  REHABILITATION  OF  STARVED 
ROCK  LOCK  AND  DAM,  ILLINOIS  WATERWAY 
CHICAGO  DISTRICT,  PHASE  I,  REHABILITATION 


Richard  L.  Stowe,  Barbara  A.  Pavlov,  Ging  S.  Wong 
Concrete  Laboratory 

U.  S.  Army  Engineer  Waterways  Experiment  Station 
P.  O.  Box  631,  Vicksburg,  Miss.  39180 


September  1978 
Final  Report 


Approved  For  Public  Release;  Distribution  Unlimited 


Prepared  for  U.  S.  Army  Engineer  District,  Chicago 
Chicago,  III.  60604 


i 

hiii 

rtH 

u: 

1 

I 

Destroy  this  report  when  no  longer  needed.  Do  not  return 
it  to  the  originator. 


I 


SECURITY  CLASSIFICATION  OF  THIS  PAGE  f*rh«n  Data  Fntarad) 


READ  INSTRUCTIONS 
BEFORE  COMPLETING  FORM 

3 RECIPIENT'S  CAT  ALOG  NUMBER 


REPORT  DOCUMENTATION  PAGE 


REPORT  NUMBER 

Mi  seel Laneou 


U.  GOVT  ACCESSION  NO. 


.CONCRETE  AND  JOCK  COHK  JK 
TION  OFJjTARVfcD  ROCK  LOCK 
WATERWAY,  CHICAGO  METRIC 
BFKABILITATL  N . 


, SJAJOK  BEHABIUTA 
D JJAM,  JLLINOIS  - 
PHASE  I„  


6 PERFORMING  ORG.  REPORT  NUMBER 


6 CONTRAC 


ING  ORGANIZATION  NAME  AND  ADDRESS 


PROGRAM  ELEMENT.  PROJECT 
AREA  < WORK  UNIT  NUMBERS 


Army  Engineer  Waterway 
Box  ('31 1 Vicksburg.  Mi 


11.  CONTROLLING  OFFICE  NAME  AND  ADDRESS 

I U.  S.  Army  Engineer  District,  Chicago 

219  South  Dearborn  Street  ~- 

Chicago.  11-1.  bUuUh 

14  MONITORING  AGENCY  NAME  A AOORESS<<f  dlllarant  from  Controlling  Olllca) 


IS.  SECURITY  CLASS,  (ol  thla  raport) 

Unclass i f ied 


IS#  DECL  ASSlFlCATIOfToOWNGRADlNG 
SCHEDULE 


1ft  DISTRIBUTION  STATEMENT  (ol  thla  Raport) 


17  DISTRIBUTION  STATEMENT  (ol  tha  abatract  antarad  In  Block  20.  II  dlllarant  trom  Raport) 


It  supplementary  notes 


19  KEY  WORDS  (Contlnua  on  rarataa  ml  da  II  nacaaaary  and  Idantlly  by  block  numbar) 


Rock  foundations 

Rock  tests  (Laboratory) 

Starved  Rock  Lock  and  Dam 


Concrete  cores 
Concrete  tests 
Core  drill  ing 
Rock  cores 


Drilling  for  laboratory  tenting  of  concrete  and  foundation  rock  was  carried  out 
for  the  U.  S.  Army  Engineer  District.,  Chicago,  nr.  part  of  a major  rehabilita- 
tion program  at  the  Starved  Rock  Lock  and  Dam.  The  structures  are  on  the 
Illinois  Waterway.  Laboratory  testing  of  the  concrete  core  was  done  to  ascer- 
tain the  extent  of  concrete  deterioration  and  to  determine  selected  physical 
properties  of  the  cone* rite.  Foundation  rock  core  was  tested  for  purposes  of 

(Cont i nued ) 


\l\‘TK.AvT  ^ v \ 'i 1 1 l mini ' . 


>’M  niniiif.'.  k'lmrm’l  er  l .nt  loti  | • «*% »| *t - 1* t i 
roek  t < * : . t iv:'.  ult  , If  t\uuul  to  Pe 
pol’tr,!,  f»IV  to  he  ll:  r .1  t\ * !'  ehrrklnp. 
t ory  tr.it  inp.  i tie  l titled  tin*  vtrtrrmlim 
A'lr.l'l'r:.;:  1 OllM  1 W.MVr  VeloottV,  riant  i 
: . ht*fl  f :.!  IVI’.ft  !l.  Plreet  shear  trntn 
roek  npee Imrmt.  Thr  eonrrete  v'viv 
on  IHOnt  :i  1 1 eXporuM  eonrrete  curPne 
offlt  loti  twin  Ivrtl  ryrler  of*  flVe.*  I Up 
.l;un;\f .1  roneivte  It;  t hr  look  ehntuhr 
It  t:.  0..  ' ft  ; Miul  lower  f'Mtr:  h:i\ 


'pettier*.  fltnl  r Ilf.* .1  lire- 1*  l Up  tlenlpll  pfl  fMlM* t r V:  . Thr 
> l*e  :•  l pit  1 f l milt  1\  lower  t tmil  I • !r  V l » 'll;  l ,\  fr 
■ekinp.  m :i  t I'm*  t iir.M  l : t fit'll  l ty  mum  l V :■  l :J . 1 rihorfi 

tinlimt  Jon  of  eotuprr:. : 1 Ve  rtrenpth,  Unit  Weight, 

1 ? i ; t i v ' liu  <itll  tun,  trln.\lfil  ntrrnpth,  Mint  .tirrrt 

:■  were  eotnlurtr.l  on  Intnrt  fin.!  »l i nrotit  1 uuou: 
eofr  linllmtr:  mo, let-fit  «•  to  severe  .let  er  1 oi'fit  l on 
III*  f fire:  • . Tile  plVtiorol  mint  rail:  e .'(*  t tie  .fete!*! 
c • .*.  I n p,  fin. I t twiw  l tip . Ttie  nvernpe  »lepth  ot  t ro:  t 
hallihe!  Wfl  1 1 : I-  0..V  rt  ; In  t tie  Upper  ^tlr  !•••»>:, 
I V t ....  Thr*  tot  0 . .•  t*t  Ot*  eoneriM  «•  l 1 1 


it  > ft  ; ntui  lower  ^tites  htiy  r , none.  Ttie  tot  i'.  it  ot  i'i’iumvI  r in 

tin-  lower  tipproarh  Wfi  1 1 1:  fro.  t »i rur . i while  tin-  wall':,  vet  t- 'ten  l nurture 
not  »lnitinprvl  • Front  net  ^on  fitul  n Ik.n  l i l l le.n  rcM.'l  loti  hnvr  ruu:.r»l  ttie  eor.rt 
. i«  t er  i oral  l olt\  l n tin-  vifitr.  . t rue  t uiv : . The  ft  ve  rape  ‘toplh  ot  »lattinpr.!  rourret* 
In  ttu-  hen.!  p.*\  r plrrr,  ttie  lee  ejtiil  e pier,  mnl  Ip  out  of  11  t.-unter  put* 

. . ...  ....  a . I «*•  .....  I » . - l V Th  fr*.-  ot*  t tie  t flint  r!  > U 


| * i t • » * • • t:  \P  t*t\  1 . ft,  flint  l . 1»  Ft,  re:. pert  l vr  ty . Ttiree  of  tin-  tnlnler  #flt« 

pi,.,-::  hnv..  l.vnk  .-.-.I  .•,'IKTrl..  .1, I..  .I.T  ■'<'  “•  < *>*»«» 

,'i..,lmu-.  . \t  .11.1  i..  ;.  1 n III  tin-  lip:  I-  I ' >’11  > r I W-  ■ )■  i . An  »:■:■.  ■:  Mi-.-n  I .-!• 

l);r-  'im.lni  l.-n  .-.-Mill  I Ion  wtn  tn,nl<-  ami  j?u  l >l:nn'.-  In  |-r.-:  rnt  r-.l  -m  1>'  | ■ r.  >i'»- 1 
.-In'l.-I-  . 1 i*  ,li-:  lf-n  v:\ln. for  tin-  Omnl.-il  Ion  r.vk. 


*1  1 Ill'll  > il  ««l»li  A 1 ION  I MIN  »•  l„l  #**•••  t' 


THE  CONTENTS  OF  THIS  REPORT  ARE  NOT  TO  BE 
USED  FOR  ADVERTISING,  PUBLICATION,  OR 
PROMOTIONAL  PURPOSES . CITATION  OF  TRADE 
NAMES  DOES  NOT  CONSTITUTE  AN  OFFICIAL  EN- 
DORSEMENT OR  APPROVAL  OF  THE  USE  OF  SUCH 
COMMERCIAL  PRODUCTS. 


W 


L 


\ 


l’RFFACF 


M 


This  testing  program,  "Concrete  ami  Rook  Coro  tests.  Major  Reha- 
bilitation of  Starved  Rook  book  and  Dam,  Illinois  Waterway,  Chicago 
District , Phase  1,  Rehab i 1 it  at  ion,"  was  conducted  lor  the  U.  S,  Army 
Knglneer  District,  Chicago.  The  work  was  authorized  by  DA  Form  1? SA A 
No.  NCC-lA-77-31 , dated  5 April  1977. 

Drilling  was  conducted  by  personnel  ol'  the  Soils  and  Pavements  (SM’l  ) 
Laboratory  (SM’L)  ot  the  U.  S.  Army  Fnglneor  Waterways  experiment  Sta- 
. tlon  (WFS)  during  the  period  June  1977-August  1977  under  the  direction 

ot  Mr.  Mark  Vispi.  Laboratory  tests  were  performed  at  the  Concrete 
Laboratory  (CL)  and  the  SM’L  during  the  period  September  197 /-November  1977 
under  the  direction  of  Messrs.  Bryant  Mather,  Chief  of  Concrete  Laboratory 
and  John  M.  Scanlon,  Chief,  engineering  Mechanics  Division.  Mr.  C.  1’.  Hale 
supervised  the  laboratory  testing  conducted  in  the  SM’L;  and  Mr.  C.  S.  Wong 
conducted  the  petrographic  examination.  Mr.  R.  L.  Stowe  was  Project 
Leader  and  was  assisted  In  performing  laboratory  work  at  the  Cl.  by  Messrs. 

F.  S.  Stewart  and  J.  B.  Fskrldge  and  Ms.  B.  A.  Pavlov.  This  report  was 
prepared  by  Messrs.  Stowe  and  Wong  and  Ms.  Pavlov.  Mr.  J.  B.  Warrlner  ot 
the  SM’L  wrote  Appendix  K concerning  possible  slide  wedges. 

The  Commander  and  Director  of  WHS  during  the  conduct  of  the  Invest  1- 
gat  ion  and  the  preparation  and  publication  of  this  report  was  COL  J.  L.  Cannon, 
CK.  Mr.  F.  R.  Brown  was  Technical  Director. 
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CONVERSION  FACTORS,  U.  S.  CUSTOMARY  TO  METRIC  (SI) 

UNITS  OF  MEASUREMENT 

U.  S.  customary  units  of  measurement  used  in  this  report  can  be  converted 
to  metric  (SI)  units  as  follows: 
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CONCRKTK  AND  ROCK  CORK  VKS  rS  f RKILUU  1, 1 1\\  l U'N  OK 

STARVKD  ROOK  I .OCR  AND  DAM 
11.!.  1 NO  IS  WATKRWAY,_  CIUOAOO  DISTRICT 
I’llASK  1,  RKHAbll . ITATION 

l’ ART  1:  INTRODUCTION 

Local  ion  ol  St  udv  Area 

l.  I'Ho  Starved  Roek  Lock  and  Dam  site  is  located  some  S miles  west 
ot  Ottawa,  Illinois  in  LaSalle  County,  Illinois.  The  site  is  near  mile  -Ml 

A 

on  the  Illinois  River;  the  approximate  driving  distance  is  about  Ss  miles 
southwest  ol  Chicago. 

ILickjjround 

J.  At  a meeting  held  at  the  offices  of  the  U.  S.  Army  engineer 
District,  Chicago  (NCC)  on  11  Kebrnary  l'>/7,  representatives  ot  the  Con- 
crete Laboratory  (CL)  and  the  Soils  and  1’avements  laboratory  (S\i’l.)  of  the 
Waterways  experiment  Station  (WKS)  were  requested  tv'  submit  a proposal 
l\ir  work  to  assist  the  Chicago  District  in  connect  ton  with  concrete  and 
rock  explorat ion  and  laboratory  testing.  The  work  would  be  acoomp l ished 
in  two  phases.  Chase  1 work  concerned  concrete  and  rock  exploration,  lab- 
oratory testing  tor  a major  rehabilitation  of  the  Starved  Rock  Lock  and 
Dam.  Chase  11  work  concerned  drilling  and  laboratory  testing  t o comply 
with  certain  Office,  Chief  ot  engineers  (OCR)  and  North  Central  Division  (NCD) 
comments  as  outlined  in  Reference  1.  The  following  tabulation  gives  the 
name  and  affiliations  of  the  attendees  at  the  February  meeting.  This 
report  presents  the  results  of  the  Chase  1 work. 


A table  for  converting  II.  S.  customary  units  of  measurement  to  metric 
(SI)  units  is  given  on  page  4 . 


s 


Fred  Patterson 

NOD 

l'errence  Smith 

NCD 

Ignas  Juzenas 

CDO 

Jim  Przwoznik 

CDO 

Richard  tluelsman 

CDO 

George  Sanborn 

CDO 

C.  Rutter 

CDO 

Richard  Stowe 

WES 

Mirk  A.  Vispi 

WES 

NCD  - North  Central  Division 
CDO  - Chicago  District  Office 
WES  - Waterways  Experiment  Station 

1.  The  major  work  effort  during  Phase  I would  be  to  resurface  most 
ol  the  exposed  concrete  surfaces  of  the  lock  and  dam.  WES  was  asked  to 
ascertain  the  extent  of  concrete  deterioration  on  these  surfaces.  The 
number  and  location  of  borings  to  be  drilled  were  assigned  by  NCC  personnel. 
Specific  boring  locations  on  the  separate  structures  were  assigned  bv 

the  author  after  a field  inspection  and  a review  of  a periodic  inspection 

2 

report.  A secondary  effort  was  to  obtain  characterization  properties 
and  engineering  design  parameters  of  foundation  rock  at  given  locations. 

These  data  supplement  previously  reported  data.' 

4.  Phase  11  work  involved  drilling  and  then  testing  of  concrete 
and  bedrock  for  purposes  of  obtaining  certain  characterization  properties 
and  engineering  design  properties  as  outlined  on  pages  53  and  54  in  Ref- 
erence 3.  The  District  will  check  previous  structural  stability  analyses 
if  certain  rock  properties  differ  significantly  from  those  reported  in 
Reference  3. 

5.  In  the  summer  of  1976.  concrete  cores  were  recovered  from  the 
lock  chamber  waLls  at  Starved  Rock  Lock  and  were  tested  at  the  WES.  The 
cores  were  examined  for  extent  of  deterioration  and  tested  for  strength 
and  modulus  of  elasticity.  Pertinent  results  of  that  examination  and 
testing  are  included  in  this  report  for  completeness.  See  Reference  4 

f oi  complete  report.  As  a result  of  an  interim  field  inspection  in  duly  1077, 
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eight  additional  borings  were  selected.  The  results  of  tests  on  the  core 
taken  from  these  borings  are  included  in  this  report. 

Ob  j ec  t ives 

b.  The  objectives  of  this  study  were  to: 

a.  Conduct  drilling  for  laboratory  testing  of  concrete  and 
foundation  rock. 

b^.  Make  an  analysis  of  test  conducted  and  a summary  of  the 
concrete  condition  over  the  project  site.  The  rock  test 
results,  if  found  to  be  significantly  different  than  pre- 
viously reported,  are  to  be  used  for  checking  a stability 
analys  is. 

Scope 

7.  The  drilling  was  accomplished  using  a WES  drilling  crew,  plant, 
and  supplies.  Floating  plant,  barge-mounted  crane,  and  tow  boat  were  sup- 
plied by  NCC.  A Bureau  of  Reclamation  geologist  on  contract  to  WES  logged 
and  preserved  tiie  core  for  testing.  Delivery  of  the  core  to  WES  was  made 
in  three  shipments,  one  each  in  mid  June,  July,  and  August  1977. 

8.  The  objectives  of  this  study  were  accomplished  by  drilling  con- 
crete and  rock  core  and  sampling  backfill  material,  conducting  petrographic 
examinations,  characterization  property  tests  (unconfined  compression,  unit 
weight,  and  ultrasonic  pulse  velocity),  and  engineering  design  property 
tests  (modulus  of  elasticity,  Poisson's  ratio,  and  direct  shear).  Direct 
shear  tests  were  conducted  on  concrete  to  rock,  intact  rock,  shale- filled 
partings  oriented  parallel  to  bedding,  and  on  specimens  oriented  to  obtain 
cross-bedded  shear  strengths.  Precut  surfaces  were  not  tested  in  direct 
shear  because  sufficient  testing  on  precut  surfaces  had  been  performed 
previously;  see  Reference  5.  One  clayey  shale  sample  was  subjected  to  a 
petrographic  examination  to  determine  nomenclature  and  mineral  content. 

9.  At  the  completion  of  the  Phase  II  work  a final  report,  to  in- 
clude the  compliance  drilling  together  with  previous  drilling  (NCC,  see 
Reference  3 and  WES  drilling),  will  be  used  to  develop  the  site  geology- 
in  more  detail  than  presented  herein;  the  report  will  follow  in  the  neat- 
future.  This  report  is  the  final  report  for  tlte  concrete  rehabilitation. 
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PART  II:  DRILLING  AND  EXPLORATION 

Previous  Exploration 

10.  The  concrete  sampling  conducted  by  WES  in  1976  is  pertinent  to 
this  study.  In  1976,  20  horizontal  borings  were  drilled  into  the  lock 
chamber  walls  from  inside  the  chamber.  The  approximate  boring  locations 
within  monoliths  are  shown  in  Plate  1.  The  monolith  numbering  system  is 
the  same  as  used  in  Plate  13,  Reference  2.  The  cores  were  examined  for 
extent  of  deterioration. 

11.  Previous  foundation  explorations  pertinent  to  this  study  were 
conducted  in  1972  by  the  NCC  (see  Reference  3 for  details)  and  in  1974 
through  the  NCC  by  a private  drilling  company  (see  Reference  5 for  boring 
locations).  During  the  1972  drilling  program  seven  borings  were  located 
near  the  lock  walls  and  upstream  of  the  dam  structures.  During  the  1974 
program  a total  of  19  borings  were  put  down  north  of  and  on  three  lines 
parallel  to  the  lock  axis.  The  geologic  information  obtained  from  these 
borings  serves  as  a valuable  reference  for  the  work  accomplished  during 
this  investigation. 

Current  Drilling 

12.  Drilling  was  begun  on  4 June  and  completed  on  13  August  1977. 

A total  of  67  borings  were  drilled  into  concrete  and  foundation  rock;  this 
figure  includes  the  20  borings  put  into  the  lock  chamber  walls  during  the 
summer  1976.  The  general  boring  location  plan  is  presented  in  Figures  la 
and  lb.  Plate  2 gives  the  location  of  section  lines  and  Plate  3 depicts 
the  sections  on  which  specific  boring  locations  are  shown.  During  the 
drilling  operation  the  WES  personnel  numbered  the  head  gate  and  tainter 
gate  piers  from  the  Starved  Rock  cliff  towards  the  lock.  The  District 
has  numbered  coming  from  the  lock  and  going  towards  the  cliff.  The  WES 
numbering  system  will  be  used  in  this  report  because  this  system  is  cited 
in  the  two  exhibits  to  this  report. 

13.  A summary  of  boring  locations,  direction  number,  material  drilled, 
and  depth  is  given  below: 
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Totals  ot  24,  111,  aiul  11  borings  woro  put  into  t hi'  look  si  met  lire,  uppei 
ami  lower  approach  walls,  anil  ilam  structure,  respect  ivolv. 

14.  Drilling  equipment  consisted  of  an  Acker  To redo  Mark  II  skill- 
mounted  rotary  drill  rig,  and  a Concord  portable  drill  rig.  Six-inch  in- 
side diameter  diamond  core  bits  and  a 4-ft-long  doubletube  barrel  was 
used  t o drill  the  concrete  and  the  bedrock  in  the  deep  holes.  A single 
core  barrel  was  used  with  the  Concord  rig  to  drill  the  shallow  holes. 
Access  to  the  drill  holes  was  by  a marine  t loat  ing  plant  and  for  holes  on 
top  ot  structures  bv  crane.  A typical  drill  rig  setup  is  shown  in  fig- 
ure 2. 

l‘>.  Total  tootage  drilled  was  261.7,  160.0,  and  63.1  tt  in  concrete, 
bedrock , and  overburden,  respect  ively.  All  concrete  and  bedrock  samples 
were  preserved  tor  laboratory  testing.  Procedure  for  handling  the  core 
and  preserving  it  for  testing  was  the  same  as  given  in  Reference  . Coloi 
photographs  ot  all  the  core  recovered  are  Included  in  a notebook  as  ex- 
hibit A to  this  report.  The  Kxhihit  is  on  tile  at  the  Chicago  District 
"It  ice.  Core  recovery  was  100  percent  in  the  concrete  and  l)h  percent  in 
the  bedrock.  The  backfill  material  consists  ot  s.indv  clav  and  gravel  and 
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was  easily  recovered.  All  drilled  holes  were  backfilled  t o their  lull 
depth  with  concrete  produced  using  a commercially  available  packaged  dry 
combined  mixture. 

lb.  i'iie  piezometer  ol  the  slotted  1-1/4-inch  1’VC  pipe  type  was  In- 

A 

stalled  in  bor  Inti  lIWB-1.  It  was  set  at  elevat  Ion  tell  4 111.  5 (plez.  tip). 
" te  t give.  e:  t Inent  data;  dull'1  d ill  reorts  on  file  at  t te  NKlI  dis- 
trict office  contain  a lew  measurements  ol  water  heights  that  were  taken 
by  WKS  field  geologist.  the  presentation  and  summarization  of  piezometer 
data  as  to  its  pertinence  t o a stability  analysis  was  not  within  t hr1 
scope  ot  this  Invest Igat ton.  An  assessment  ol  current  readings  from  all 
piezometers  and  possible  recommend.it  Ions  lor  add  It  lon.il  piezometer  in- 
stallat  ions  bv  WKS  could  be  made  it  so  desired. 


All  elevations  (el)  cited  herein  are  In  feet  referred  t o menu  sea  level. 


I’AKi1  III:  i.KOl.tk.UIAl  t'HAK.'UTKK  I S f I t'S 


lloil i ock  St  i at  1 apltv 


I/.  riti-  bedrock  beneath  .mJ  adjacent  1 o tin*  look  and  Jam  is  assigned 
I o t In-  St.  Peter  SanJst  one  Kormat  i on  and  t ho  Shakopeo  IVloiulte  Koi  mat  i on , 
both  ot  Ordovician  a no.  fhe  St.  Peter  is  represented  at  Starved  Kink  bv 
two  ot  its  members,  t In'  font  t and  l ho  Kress  sandst  ouos . I'lto  font  i mombot 
is  a mod l um  to  lino  grained,  wo l l -sort od , nonoa loaroons , triablo  sandstone. 
A total  of  only  10  ft  was  tmoovorod  in  t lie  boreholes.  file  font  i lies 
eonlormablv  on  tin'  Kress  Mombot.*  fhe  designation  "Kress"  was  given  to 
all  deposits  olosoly  assootatod  with  the  St.  I’otor  but  underlying  t lit' 
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tvpieal,  pure  sandstone.  A total  ot  11  tt  ot  the  Kress  Member  was  uu- 
oovorod  in  the  boreholes. 

IS.  fhe  Kress  is  a eoarso  rubble  ot  conglomerate  ot  augulai  ehori  In 
a sometimes  layered  matrix  ot  sand,  green  shale,  ot  elav.  It  is  a residue 
t rom  the  solution  ot  the  underlying  ehertv  dolomites.  Some  ot  the  ehert 
is  oolil  le.  fhe  Kress  contains  layers  ot  shale  up  to  I tt  thick.  fhe 
Kress  Member  is  approx  iiuat  e I v 1 1*  tt  thick  in  borings  drilled  in  back  ot 
thi'  dam  lli-ls  tit  rough  17). 

l’>.  fhe  Shakopoe  Dolomite  is  a thin  t o medium  bedded,  t tne-grninod, 
arg 1 1 1 nvoous  t o pure,  light  brown  to  light  grey  dolomite.  It  contains 
lenses  and  layers  ot  sandstone  up  to  4 tt  thick.  It  contains  blue  green 
to  grev  gteen  shale  seams  up  to  0,  I tt  thick.  Shale-tilled  bedding  planes 
are  tound  throughout  the  dolomite.  It  also  contains  lent ictilar  masses  ot 
laminated  dark  grey  medium  grained  dolomite  that  are  algal  reels  which 
measure  up  to  1 tt  In  thickness.  Within  the  dolomite  are  tound  bands  and 
nodules  ot  chert,  some  oolitic,  some  sandy.  Several  beds  are  brecclated 
ot  disrupted.  Separating  the  St.  I’eter  and  the  Shakopee  In  the  Starved 
Kock  area  is  a majot  uncont ormlt v.  fhere  was  an  interval  ot  erosion  and 
non-dopes l t Ion  at  tills  t l me  which  created  the  Irregulat  eroslonal  surtace 
separating  these  two  bodies  ot  rock.  KesiJual  material  (chert  rubble) 
front  the  erosion  ot  the  underlying  carbonates  is  Included  in  the  St.  Peter 
as  the  Kress  Member.’'  fills  irregular  surtace  may  explain  some  ot  the 


differences  in  elevation  of  the  contact  of  the  St.  Peter  and  the  Shakopee 
found  in  the  boreholes. 


Backfill 

20.  Three  boreholes  were  made  into  backfill  material  (GWB-1,  GWB-2, 
GWB-3) ; see  Figure  la  tor  boring  locations.  Approximately  55  ft  of  material 
was  recovered.  Only  one  borehole  (GWB-1)  reached  bedrock  and  penetrated 

l tt.  Bedrock  overburden  was  probably  spoil  from  the  lock  and  dam  ex- 
cavations and  consists  of  a mixture  of  clay,  sand,  and  gravel.  The  back- 
fill material  varies  in  proportions  ranging  from  80  percent  loose  sand 
on  top  (clayey  sand)  to  80  percent  compact  clay  near  bottom  (sandy  clay) 
with  pockets  of  gravel  interspersed  with  the  sand  and  clay  layers.  Up 
to  20  percent  gravel  is  found  within  the  sand  and  clay  layers.  Bedrock 
recovered  was  a green  gray  shale  layer  topping  a sandstone  reached  at 
el  431.  This  puts  the  rock  in  the  Kress  Sandstone  or  at  the  contact  of 
the  Shakopee  Dolomite  and  Kress  Sandstone  as  inferred  from  comparison  of 
this  hole  witli  surrounding  lower  approach  wall  boreholes. 

Geologic  Gross  Sect ioi t s 

21.  hog  of  boring  sheets  were  drawn  and  include  the  seven  vertical 
borings  drilled  during  the  Phase  I work  and  the  1,-1  boring  scheduled  to  be 
drilled  during  Phase  11  work;  see  Plates  5,  b,  and  7.  Boring  h-1  was 
scheduled  to  be  drilled  during  the  Phase  11  work.  Due  to  heavy  river 
traffic  Lite  drill  crew  was  unable  to  drill  horizontally  into  the  approach 
walls  and  gate  recesses;  therefore  they  drilled  h-1  during  this  time 
period.  The  information  from  boring  h-1  is  presented  in  this  report  for 
continuity.  The  log  of  borings  were  drawn  to  give  a general  overview  of 
the  bedrock  material  that  was  drilled.  The  foundation  material  is  quite 
complex  and  in  order  to  correlate  strata  and  select  representative  mate- 
rial for  testing,  detail  geologic  cross  sections  and  structural  cross 
sections  were  compiled;  they  are  presented  in  Appendix  A.  15,10  general 
geologic  cross  sections  are  presented  in  Plates  8 and  9.  One  section 
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was  drawn  along  the  land  lock  wall  and  the  lower  approach  wall.  Another 
section  was  drawn  from  the  upper  gate  recess  on  the  land  lock  wall,  across 
the  dam  to  the  cliff  into  which  the  dam  abates.  See  Figure  la  for  sec- 
tion locations.  These  two  sections  show  the  continuity  of  the  bedrock 
beneath  and  adjacent  to  the  lock  and  dam  and  indicate  possible  weak  zones. 
Tight  contacts  between  concrete  and  rock  were  observed  on  core  from  GW-1 
and  L-l.  Core  from  GW-2  had  a loose  contact  and  boreholes  0-14  through 
D-17  were  drilled  directly  into  bedrock. 

22.  Approximately  80  ft  of  bedrock  was  recovered  from  the  four  borings 
in  the  back  of  the  tainter  gate  dam  section  of  which  4b  ft  was  St.  Peter 
Sandstone  and  34  ft  Shakopee  Dolomite.  The  sandstone  contains  many  shale 
seams  spaced  at  irregular  intervals.  Thickness  of  the  shale  ranges  from 
coatings  on  some  bedding  surfaces  to  a 2-ft  thick  layer  in  D-17.  The  2-ft 
layer  broke  into  pieces  about  0.4  ft  long  as  it  came  out  of  core  barrel. 

The  rock  was  unsuitable  for  compressive  strength  testing.  Chert  nodules 
and  bands  are  abundant  and,  in  some  areas,  oolitic.  The  chert  is  black, 
grey,  and  white  with  some  of  the  white  chert  displaying  a soft,  porous, 
chalk-like  nature.  The  dolomite  contains  shale-filled  bedding  planes 
spaced  from  0.05  ft  to  a foot  apart.  There  is  a 4-ft  sandstone  layer 
t ound  in  the  dolomite  which  is  continuous  across  the  lock  and  dam. 

23.  Eighty  feet  of  bedrock  was  recovered  from  boreholes 

on  the  lock  and  guidewalls  (GW-1,  CW-2,  1,-1).  All  of  this  is  Shakopee 
Dolomite.  The  4-ft  sandstone  bed  previously  mentioned  is  present  here  at 
the  same  elevation  in  all  three  boreholes  ( 414  ft). 

24.  There  are  a few  discontinuous  clay  seams  and  pockets  in  the  St. 
Peter  and  near  the  top  of  the  Shakopee.  The  largest  occurrence  of  clay 

is  a 1-ft  section  of  grey  clay  found  in  D-14.  The  clay  was  analyzed  by 
X-ray  diffraction  and  consists  essentially  of  kaolinite,  illite,  and  a 
mixed  layer  clay  containing  montmorillonite,  which  will  swell  in  water. 

25.  Boring  D-14  is  located  4 ft  downstream  from  tainter  gate  pier 
No.  4.  The  clay  was  not  found  In  D-15,  which  is  15  ft  downstream  from 
D-14.  Nor  was  it  found  in  the  Phase  II  boring  D-12  which  goes  through 
Pier  No.  b located  about  140  ft  to  the  northeast  of  D-14.  It  is  not 
known  if  the  clay  is  present  under  the  tainter  gate  section  just  upstream 


from  0-14.  It  is  recommended  that  one  boring  bo  drilled  through  the  sill 
ot  tainter  gate  No.  4 (counting  from  the  bluff  side  of  the  dam)  during 
the  scour  detection  program  scheduled  in  KY78.  The  top  of  the  clay  is 
at  el  412.25,  the  design  el  ot  concrete-rock  contact  is  425.48,  and  the 
actual  contact  ot  concrete  and  rock  in  If- 12  is  el  41b. 5.  The  presence  of 
clay  and  the  concrete-rock  contact  needs  to  be  verified  Just  upstream  from 
D- 14. 

2b.  l'ho  bedrock  in  the  two  cross  sections  has  been  divided  into 
three  lithologic  units  on  Plates  8 and  4 on  the  basis  of  size  and  continuity 
ot  a unit  over  the  lock  and  dam  area.  The  divisions  marked  are  the  St. 

Peter  Sandstone,  the  Shakopee  Dolomite  and  the  nominal  4—  1 1 sandstone 
lens  contained  within  the  Shakopee. 

Bedrock  Structural  Oharacter_I sties 

27.  I'he  general  bedrock  structural  characteristics  relevant  to 
foundations  are  presented  in  Plates  5,  b,  and  7 and  the  detailed  charac- 
teristes  are  presented  in  Appendix  B.  The  plates  are  similar  to  the  cross 
sect  Ions  described  in  ideologic  Cross  Sections. 

28.  Dips  in  local  bedding  range  from  - 1 to  12  degrees  when  measured 
between  boreholes  at  the  St.  Peter/Shakopee  contact.  However,  bedding 
dips  uniformly  '•l  degree  when  measured  on  the  4 — 1 1 sandstone  bed  in  the 
Shakopee  or  some  other  continuous  feature  other  than  this  contact.  Phis 
is  explained  by  the  fact  that  the  St.  Peter/Shakopee  contact  marks  a major 
unconformity,  as  mentioned  in  the  Stratigraphy,  where  the  St.  Peter  rests 
on  a very  Irregular  erosional  surface  caused  by  solution  of  underlying 
chert y dolomites.  Bedding  along  the  lock  and  approach  walls  is  very  con- 
sistent and  regular.  Beds  as  small  as  0.2-ft-thlck  were  traceable  across 
the  lock  in  the  boreholes.  Among  the  more  prominent  features  which  were 
found  in  all  three  boreholes  are  the  4-ft  sandstone  layer  (el  413),  an 
algal  reel  (el  405),  stvlolites  (el  404),  and  a 0.2-ft-thlck  chert  bed  at 
(el  403). 

24.  I'he  nearest  major  regional  structure  Is  the  Sandwich  Vault  Zone. 
Reference  1 contains  a map  of  the  fault  zone  erroneously  placing  it  5 miles 
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5 locales  It  In  the  same  area. 


from  Starved  Rock  Lock  and  Dam  and  Reterence 
Hie  fault  zone  is  actually  located  5.8  miles  northeast  ot  Dresden  Island 
Lock  and  Dam  which  puts  it  2t>  miles  northeast  ol  Starved  Rock  at  its  closest 
approach.*  Small  faults  were  found  in  two  ot  the  boreholes.  The  largest 


occurred  in  the  4-t’t  sandstone  layer  in  the  Shakopee  In  borehole  D-lb  and 
had  an  apparent  displacement  ol  0.9-1. 2 ft.  l'ho  other  two  had  displacements 
ot  only  0.05  tt.  See  Appendix  f for  a brief  discussion  on  using  i he  stan- 
dard zone  value  for  seismic  coefficient  for  the  Illinois  Waterway  System. 

30.  thirteen  structural  breaks  in  the  cores  were  interpreted  as 
joints,  including  four  pairs  ot  conjugate  joints.  One  pair  ol  conjugate 
joints  was  nearly  vertical  (80  degrees),  the  other  pairs  had  average  dips 
ol  25  degrees.  two  of  the  remaining  unpaired  joints  had  dips  ol  80  degrees. 

Hie  joint  dip  frequency  was  similar  to  that  reported  in  Reterence  5,  i.e., 

■t  greater  number  ol  low  angle  (15  to  25  degrees)  groups  exist  and  a high 
angle  group  of  joints  dipping  80  to  85  degrees  exists  in  the  core  taken 
during  this  study.  Although  the  joint  orientation  was  not  measured  during 
this  invest! gat  ion,  the  similar  joint  dip  frequencies  suggest  that  the 

joint  described  in  this  report  belong  to  the  same  joint  sets  reported 

5 

previously  tor  the  Starved  Rock  Duplicate  Lock  site.  1'he  joint  orienta- 
tion over  the  duplicate  lock  site  can  be  projected  to  the  dam  sections. 

11.  Dolomite  and  sandstone  breccias  were  found  in  LW-2.  Other 
cores  contained  "disrupted  bedding"  which  designates  dolomite  which  is 
!>  g .ing  :o  break  up  or  deform  and  probably  marks  the  onset  of  the  brecclat ion. 
At  the  base  of  the  brecciated  dolomite  in  t!W-2  is  an  area  which  is  just 
beginning  to  break  up  into  angular  pieces.  This  implies  that  the  breccia 
was  formed  in  place  and  probably  broke  up  in  response  to  pressure  from 
surrounding  material.'*1  Reference  10  clarifies  this  point. 

"Many  sediments  display  intricately  folded  beds  or  laminae, 
sometimes  accompanied  by  breccia,  strongly  suggesting  that  de- 
format ion  occurred  during  or  shortly  after  deposition.  Some  de- 
format ion  structures  apparently  occur  in  deposits  laid  down  on 
inclined  slopes  independent  ot  the  act  ion  of  turbiditv  currents. 

Inasmuch  as  some  fine-grained  sediments  contain  tip  to  80  percent 
water  when  freshly  deposited,  such  loosely  aggregated  material 
may  readily  yield  to  forces  and  slide  down  a relat  ivolv  gent  le 
slope  or  shear  under  gentle  stresses.  The  original  bedding 
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becomes  intricately  folded  during  the  .sliding,  t ho  stiller 
materials  in  the  bods  may  broak  into  angulai  fragments, 
dovo loping  int ra io rmat ional  oong lomora t os . Sliding  may 
readily  ooonr  at  t ho  odgos  ot  roots." 

l'he  "soil  sodimont  deformation"  noted  in  other  areas  ol  the  cores  is  a 
different  typo  ot  response  to  those  pressures.  Hero  pressures  put  on  a 
weaker  bed  eause  the  material  to  t low  and  heroine  folded  instead  ot  broak 
up.  l'he  flow  oeeurrod  along  shale  seams  interbedded  with  the  dolomite. 
Stylolltes  with  small  vertical  projections  were  found  in  five  ot  the 
seven  boreholes. 

t.'.  Krae  lured  bedrock  was  t ound  in  a substant  ial  port  ion  ot  the 
cores.  Sixteen  percent  ot  the  rock  recovered  under  the  Look  and  approach 
wall  was  traclured  while  J-'t  percent  ot  the  rock  in  the  four  cores  taken 
from  in  back  ot  the  dam  was  fractured.  Within  t hese  four  boreholes,  the 

top  li  tt  ot  rock  contained  the  highest  concent  rat  ion  ot  tinctures. 

It.  l'he  fractured  bedrock  const  itutes  possible  weak  cones  in  t he 
bedrock  especially  under  the  lower  approach  wall  in  borings  i.'W-l  and  oW-d. 
l'he  rock  from  these  borings  is  not  only  fractured,  but  it  consists  ot  clavev 
shale,  triable  sandstone  with  shale  seams,  and  dolomite  with  elav  pockets. 
Another  possible  weak  cone  in  the  bedrock  is  located  just  downstream  ot 
t. timer  gate  Pier  i in  boring  P -la.  Ibis  weak  cone  is  composed  ot  cla\ 
tl-lt  thick)  and  was  encountered  about  o tt  below  top  ot  rock;  sec  Plate  A! 

ot  Appendix  A.  Were  the  clay  to  be  a lens,  ami  t he  cone  ret  e-rock  contact 

as  low  as  observed  in  boring  P-ld  ylaO-tt  away),  then  the  cl. tv  would 
occur  under  Pier  -i  within  •*  to  Id  tt  ot  the  concrete-rock  contact.  l'his 
possibility  will  be  explored  during  the  scour  detection  drilling. 

!•».  l’he  extremely  low  strength  ol  the  intact  shale  parallel  to  its 
bedding  prescribes  that  any  shale  bed  be  considered  as  a potential  sliding 
plane  parallel  to  its  bedding.  l'he  numerous  joints  in  the  bedrock  de- 
scribed in  Set  ereuce  > are  oriented  such  that  t hev  could  participate  in 
a shear  tailure  involving  a rock  wedge  in  trout  ot  the  lower  approach  wall 
or  the  dam  sections.  l'he  recommended  shear  strength  parameters  tor  natural 
joints  in  the  sandstone  and  shale,  presented  in  Rote  fence  ’ and  given  in 
paragraph  10b  ot  this  report,  should  be  considered  in  a structural  stabililv 
ana  1 vs  is . 
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PART  IV:  TEST  SPECIMENS  AND  TEST  PROCEDURES 


Cores  Received 

35.  Approximately  396  ft  of  concrete  and  rock  core  along  with  11 
sacks  and  9 tubes  of  backfill  material  were  received  from  a total  of  47 
borings.  Pertiment  information  concerning  the  core  received  at  WES  is 
pr  'je  .ted  in  Table  1.  Upon  receipt  of  the  core  at  WES,  the  boxes  containing 
rock  samples  were  kept  in  the  laboratory  until  the  selection  of  test 
specimens  was  completed;  this  process  took  about  one  week.  Selected  test 
specimens  were  then  stored  in  a moist  curing  room  until  time  for  testing. 

Selection  of  Test  Specimens 

36.  The  concrete  core  varied  greatly  in  its  physical  condition  over 
the  project  (see  Figures  3 and  4).  Some  core  was  so  badly  deteriorated 
(broken  to  gravel-size  pieces)  that  intact  samples  could  not  be  obtained 
for  testing.  Therefore  concrete  test  specimens  were  selected  from  the 
intact  near  surface  portion  and  the  bottom  portion  of  the  core.  The  near 
surface  core  sometimes  contained  cracks  but  remained  intact.  Tills  proce- 
dure was  used  for  the  short  core  and  for  core  with  lengths  up  to  5.1  ft. 

For  the  deeper  borings,  GW-1  and  GW-2  test  specimens  were  selected  from 
the  near  surface,  middle,  and  bottom  portions  of  the  core.  Characteriza- 
tion properties,  effective  (wet)  unit  weight  ( m),  compressional  wave 
velocity  (Vp) , and  compressive  strength  (UC) , and  engineering  design 

k 

properties  Young’s  Modulus  (E),  and  Poisson  s ratio  (v)  were  determined 
or  calculated.  Test  assignment  locations  can  be  gotten  from  appropriate 
tables  of  test  results. 

37.  Recommendations  were  made  in  References  3 and  5 to  test  shale 
during  any  future  testing  program  for  compressive  strength  and  E;  adequate 
samples  were  not  recovered  during  these  investigations.  The  shale  that 

k 

For  convenience,  symbols  and  usual  abbreviations  are  listed  and  defined 
in  the  Notation  (Appendix  F). 
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Figure  4.  Concrete  core  from  tainter  gate  pier  No.  2 (horizontal  boring  SK  WES  D-10-77) 
showing  subparallel  cracking  due  to  frost  action 


was  previously  recovered  was  either  broken  by  drilling  action  or  too  thin 
for  testing.  From  the  geologic  sections  presented  herein,  it  is  evident 
that  adquate  shale  was  not  encountered  in  the  bedrock  for  other  than 
direct  shear  testing.  Three  intact  shale  samples  were  obtained  with  one 
being  taken  from  boring  L-l. 

38.  Whenever  possible  bedrock  specimens  were  selected  for  charac- 
terization property  tests  from  the  full  length  of  core.  A few  tests  were 
performed  on  the  available  assumed  weaker  rock  close  to  the  conrete-bedrock 
contact,  namely  friable  sandstone,  sedimentary  breccia,  and  interbedded 
dolomite  and  sandstone.  The  more  competent  bedrock  (dolomite,  competent 
sandstone)  was  quite  similar  to  the  material  tested  during  the  investiga- 
tion reported  in  Reference  5;  therefore  this  rock  was  not  tested. 

39.  For  the  engineering  design  tests  (moduli,  Poisson's  ratio,  and 
direct  shear)  an  attempt  was  made  to  select  test  specimens  to  be  representa- 
tive of  the  rock  in  close  proximity  to  the  concrete-bedrock  contact.  This 
applied  to  the  lower  approach  wall  and  tainter  gate  Piers  No.  4 and  No.  8. 
Due  to  the  fractured  and  friabLe  condition  of  the  first  4 ft  of  bedrock, 
assumed  to  underlay  the  lower  approach  wall,  test  specimens  could  not  be 
prepared  for  shear  testing.  Specimens  for  direct  shear  testing  had  to  be 
taken  about  7 to  15  ft  below  the  base  of  the  wall;  some  difficulty  was 
encountered  preparing  test  specimens  from  this  zone.  Lower  bound  shear 
strengths  that  could  be  used  to  represent  the  bedrock  within  the  first 

4 ft  below  the  wall  will  be  mentioned  in  Part  V.  Test  assignment  locations 
can  be  gotten  from  the  tables  of  rock  test  results. 

40.  There  were  four  types  of  specimens  tested  in  direct  shear;  con- 
crete cast  to  rock,  intact,  shale-filled  partings,  and  cross-bedded.  Most 
of  L lie  specimens  selecLed  were  friable  sandstone  and  brecciated  dolomite; 
the  specimens  represent  the  bedrock  adjacent  to  the  base  of  the  lower 
approach  wall.  Representative  specimens  of  the  thinly  bedded  shale  were 
tested  in  direct  siiear  as  a filler  material  in  the  friable  sandstone  or 
brecciated  rock  and  designated  as  filled  partings.  Clay  seams  generally 
occurred  in  highly  fractured  zones  and  specimens  containing  them  could 
not  be  tested  in  direct  shear. 
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tl.  Hue  in  tlu'  extent  ami  number  oi  joints  in  tin1  I omul.it  Ion , 

.it  t ompt  s worn  imulo  to  obtain  tost  spee  linens  that  oontainod  t Itoso  feature: 
In  seleeiing  ilolomito  ooros  emit  a i u i ug  joints,  it  was  obsorvoil  that  t ho 
sni  I ao"s  woro  nndnlatoil  such  that  l ho  il  1 I I or  out  in  1 butwuuu  high  ami 
1 oiv  port  ions  was  t oo  groat  lor  t ho  ilirool  shear  apparatus.  t'ousei|ueut  1 v 
no  natural  ilolomito  joints  woro  tested.  Naturally  jointed  sandstone 
spoeimons  oould  not  bo  obtained  lor  ilireet  shear  test  lug. 


l ost  I'roeeduros  and  l’et  rograph  i o Ksuminit  ini 

lho  oharaot  or  i.'al  ion  proport  ios  tests  and  the  oug  iuoor  i ug  do 
sii'.n  proport  ios  tests  woro  eomlue  t ed  in  aoeonlaneo  with  the  appropriate 
test  met  hods  tnbul.ited  below: 


l’l  ope  i t y 

t'liarao  l o i i at  i on 

Id  loot  ivo  Unit  Weight  (As 
Ill'll'  i V I'll  ) , 1 III 
1'rv  Un  i t Wo  ight  , t d 
Wa  t e r tloul  i'iit  , w 
Compress iona I Wave  Voloeitv,  Vp 
Comp ross i vo  Strength,  UC 

ling  i uoo  i i in’,  Dos  i i'.ii 

li  I ast  i o Modu  l in. , P 

Hi  reel  Shear  Strength 

Mull  is! age  Trias ial  St  length 


Tost  Method 


It  I'M  lt)dA 

K I’M  10‘> 

K I'M  lOn 

Is  I'M  110  (AS  I'M  l)  JS4  '>)  **  (Cltll-C  I'll)*** 
Is  I'M  111  (AS  I’M  D _">!«)  (Clil)-C  ISO)*** 


li  I'M  .’01  (AS  I'M  11  SI  48) 
li  I'M  .'0  1 
K I'M  JO  4 


I’roposod  liook  Test  Method,  Corps  ot  ling  inoors , in  review  pi  ior  lo 
pub i ioat  ion. 

**  See  appropriate  AS  TM  1 l)  7 7 book  ol  ASI'M  Standards. 

***  WPS,  Handbook  I oi  Cone  role  ami  Cement. 


»'•  lho  I'ono  rot  o-on  rook  spoo  linens  loi  ilireet  shoal  tost  i ug  wore 
I abr  ioat  oil  using  a general  mass  eonerote  mist  me  having  an  approsimat  o 
pomp  loss  i ve  strength  ol  JlUK)  psi  at  'S  dav.,  ig.e,  lho  oono  rot  o was  wot 
sieved  over  a I in.  sieve -si  o sereeti,  and  I lie  poll  ion  passing  was  oast 
on  top  ol  took  ooros  ooiilainod  in  t ho  bottom  soot  ion  ol  n in.  diameter 
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molds.  Rock,  surfaces  onto  which  the  concrete  was  cast  were  gently  undu- 
lating. Rock,  cores  used  for  these  tests  were  taken  from  within  10  ft 
of  the  concrete-rock  contact. 


44.  A detailed  visual  examination  of  all  the  core  was  made  in  the 
laboratory.  Pieces  of  concrete  core  were  selected  for  petrographic 
examination  from  all  structures  of  the  lock  and  dam  that  were  drilled. 

Some  pieces  of  cores  were  sawed  along  the  long  axis  of  the  core  to  allow 
better  and  easier  examination  of  the  concrete;  a few  were  ground  smooth 
and  examined  for  entrained  air.  Some  of  the  new  surface  concrete  recovered 
were  highly  fractured  and  examination  was  made  of  the  pieces.  A photo- 
graph was  made  of  the  sawed  surfaces  of  each  condition  represented  by  the 
cores.  The  concrete  cross-sections  were  examined  megascop ically  and  with 

a stereomicroscope.  Selected  particles  were  examined  using  a polarizing 
microscope  and  identified  using  X-ray  diffraction.  Portions  of  the  cement 
paste  in  a deteriorated  area  of  concrete  were  compared  to  the  cement  paste 
from  an  area  of  concrete  that  was  considered  good. 

45.  A sample  of  grey  clay  was  ground  to  pass  a 45  micrometre  (No.  325) 
si  v a...  then  examined  by  X-ray  diffraction.  A sedimented  slide  was 

made  in  the  usual  manner  and  also  X-rayed.  The  X-ray  examinations  were 
made  with  an  X-ray  diffractometer  using  nickel-filtered  copper  radiation. 
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I ‘ART  V: 


I'l'.ST  KKSlIl/rS  AND  ANALYSIS 


Results  ft  IVt  i o Ixuininut  ion  ol  Kook 

■it'.  A |>  i "I  grey  Isli  elay  recovereil  1 rom  D-14  .mil  el  ill.  1 l i> 

41J.J  was  ana  l y. -oil  to  Determine  its  minora  logiea  l oompos  it  ion.  it  was 
oomposoil  ot  quart.-.,  ilolomito,  olay-mioa,  kaolinlto,  atul  mlx-layei  mout  - 
morillonito  aiul  is  a swelling  o lay.  I'lio  otlior  rooks  woro  visually  iilon- 
tilioil;  t hov  aro  Dose  r 1 boil  in  Dart  111. 


Ohs  met  or  i . a 

it  i on  Di  i>per  t i os 

ol 

Kook 

•» 
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nits  o 1 t ho  0 

ha rao t o r i 

.:ji  ion 
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1 ost : 

.11*0 

pro 

sent  oil 

in  1'ablo  2. 

Only  tour  s 

q>oo  imons 

WO  IV  t i’ 

1 s t 

ml  tor  i in 

> Vp 

, .mil 

Dll 

1 or  t In’ 

1 o I low  illg 

reasons.  I'ln 

■ ilolomito 

fiVUVi’ 

•re 

il  ilu ring 

this 

i nvof 

it  i- 

gat  ion 

was  quite  s 

iml  lar  t o t In 

■ ilolomito 

1 report 

Oil 

on  in  lie 

I oroi 

not*  *>; 

; i t 

Wei  1 ilooumout  oil  in 

lie  1 eronoe  *> 

ami  t lie  t o 

tore  w.i 

ri 

not  teste 

i!  ag. 

it  i u. 

I'lio 

Iriablo  sanilstono  iliil  not  ooour  in  long  onougli  piooos  lor  oomprossivo 
tosting;  smaller  piooos  woro  Los  toil  in  ill  root  siioar.  IVo  sanilstono  spoei- 
nions,  ono  slightly  to  moderately  Iriablo  ami  otio  oonipotont,  woro  obtainoil 
anil  tosLoil.  Ono  piooo  oaob  ol  sedimentary  brooola  (Ss,  Sli,  anil  Do  I wo  1 I 
oomontoil)  ami  int orboikloil  ilolomito  sanilstono  ami  root  oarbonato  woro 
t ost  Oil. 

48.  I'lio  avorago  )m  ol  tin-  sanilstono  is  148. b Ib/lt  ; this  oomparos 
Huito  wo  I 1 with  t lio  proviously  roportoil  valuo  ol  14*1.9  lb/ 1 t lor  eompo- 
tonl  sanilstono  glvon  in  Koforonoo  I’lio  avorago  water  oontont  ol 

t>..’  poroont  oomparos  woll  with  a wator  oontont  ol  7.4  roportoil  proviouslv. 
I'lio  Vp  avoragos  9440  1 ps  anil  is  roasonablo  tor  this  typo  ol  sanilstono. 

I'lio  oomprossivo  strongths  ol  tin1  two  spoolmons  illllor  by  a laotor  ol  .'.4. 
I'lio  spoo  liinui  having  t ho  lower  DC  (.1700  pall  oontalnoil  Ino  Ins  ions  ot  slialo 
ami  ohort  ami  was  slightly  to  meliorate ly  triable.  The  oonipotont  spooimon 
li.nl  a lit',  oipial  to  7 hot)  pal.  I'lio  proviously  tost  oil  oonipotont  sanilstono 
h.nl  an  avorago  Dll  equal  to  4810  psl. 


id.  I'lii'  charact  it  I/,  at  ion  proper!  ies  ol  t ho  sedimentary  breccia 
spec  itnen  .nul  t ho  Interbedded  specimen  approach,  and  ior  ono  case  surpasses, 
similar  proport  ies  ol  t ho  intact  dolomite  previously  tested.  The  com- 
pressive strengths  ol  the  sedimentary  breccia  and  the  intorhedded  dolomite 
and  sandstone  are  'i870  psi  and  7 ‘Hi 0 psi,  respect  ivcly.  both  rooks  are 
Unite  competent  in  the  in  situ  condition.  Hearing  capacity  values 
presented  in  Reference  are  lower  than  those  presented  in  this  report  and 
are  recommended  for  use  in  any  design  considers!  ions  or  structural  sta- 
bility analyses. 

Modulus  and  Poisson's  Rat  Lo  ol  Rock 

HO.  Results  ol  the  modulus  ol  elasticity  and  Poisson's  ratio  tests 
are  presented  in  l'able  2.  The  stress-strain  relat  ion  lot  tour  rocks  tested 
is  presented  in  Plates  10  through  Id.  A tangent  V was  computed  lor  each  ol 
the  curves.  The  K was  calculated  as  an  incremental  value  between  2000 
and  .1000  psi,  which  corresponds  to  the  linear  port  ion  ol  the  stress-strain 
curve  for  all  four  specimens  except  the  triable  sandstone  I rom  i!W- 1 ; it 
was  obtained  between  1000  and  2000  psi.  The  stress-strain  curves  have  a 
concave  upwards  initial  portion  which  represents  closure  ol  cracks  formed 
from  stress  relieving  the  core  and  closure  ol  mi c ro I ract  tires . fhe  lucre 
mental  K should  represent  the  in  situ  rock.  Poisson's  rat  io  was  calculated 
at  a stress  value  ol  2000  psi. 

M.  fliere  are  too  few  data  to  present  average  values  ol  I and  v 
for  the  three  rocks  (Iriable  sandstone  with  chert  Inclusions,  sedimentary 
breccia  and  interbedded  dolomite  and  sandstone).  fhe  lowest  I was  obtained 
from  the  sedimentary  breccia  f2.12  x 10  psi),  which  is  slightly  higher 
than  the  previously  recommended  design  value  for  dolomite.  Sedimentary 
breccia  was  not  previously  tested,  therefore,  an  I'.  2.12  x 1111  psi  and 

v = 0.2 i is  recommended  when  this  rock  type  Is  considered  toi  design. 

>2.  fhe  K and  v tor  the  slight  to  moderate  friable  sandstone  and 
co.i  ' c sandstone  is  2.22  x 10°  psi,  0.  !>  and  i . IS  x 10  psi,  0.1S,  re- 
spect i.-e'y.  fhe  interbedded  I and  v are  1.22  x 10°  psi  and  0.  10. 

2 b 
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IV, ik  anil  Tltimate  Rhear  Strength 

Si.  The  stress  values  from  the  direct  shear  tests  are  presented 
in  fable  1 along  with  water  contents  and  dry  densities.  The  rock  shear 
test  envelopes  are  given  in  Table  4.  The  direct  shear  envelopes  are 
plotted  on  I’lates  14  and  14  for  the  sandstone  and  shale,  respect ivelv. 

44.  Two  types  of  direct  shear  tests  were  conducted  to  ascertain 
peak  strength  ot  intact  specimens  and  sliding  friction  charnel cr ist ics 
ot  discontinuous  specimens.  Peak  strengths  were  measured  for  the  sand- 
stone containing  a concrete-rock  interface,  intact  competent  and  triable 
sandstone,  intact  shales,  and  cross-bedded  dolomites.  Sliding  t riot  ion 
properties  were  measured  for  specimens  ot  sandstone  and  dolomite  along 
shale-t i I led  part  ings. 

44.  All  specimens  were  tested  in  the  single-plane  shear  device 
designated  the  MR!)  shear  device.  1'he  tests  performed  on  intact,  concrete- 
on-rock,  and  cross-bedded  specimens  produced  on  moderate  amount  ot  scatter. 
The  tests  of  t lie  precut  specimens  had  a very  small  amount  ot  scatter. 

All  envelopes  were  calculated  using  a linear  regression  analvsls. 

4(>.  Three  concrete-on-competent  sandstone  tests  were  conducted 
along  the  interface  of  the  two  materials;  the  rock  contained  the  natural 
rock  bedding  planes.  The  very  triable  sandstone  crumbled  and  could  not 
be  prepared  for  testing.  The  peak  shear  strength  parameters  ot  cohesion  tel 
and  angle  ot  internal  friction  ( ,f ) is  O.J  tst  and  7 1.4  degrees;  the  ul- 
timate values  of  e and  are  1.0  1st  and  49.8  degrees.  These  peak  and 
u u ' 

ultimate  values  are  approximately  equal  to  similar  values  ot  the  intact 
competent  sandstone.  The  shear  surface  in  the  concrete-sandstone  test 
specimens  occurred  totally  in  the  sandstone  portion  ot  the  specimens. 

47.  Two  series  of  competent  sandstone  specimens  were  tested  tor 

intact  strength  and  the  series  with  the  lower  shear  strength  had  a 

c 0.9  tsf  and  a = b4.b  degrees;  the  c 1.1  and  T 41.7  degrees. 

u u 

The  increase  in  cohesion  between  values  for  peak  and  ultimate  is  attrib- 
uted to  interlocking  of  asperities  along  the  already  failed  surtace. 

48.  One  series  of  triable  (moderately  soft  by  NtXl  definitions  as 
presented  in  Reference  1)  sandstone  specimens  yielded  shear  st rengt h 
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values  ot  c - t).“>  tst  and  f>  - -9.1  degrees,  ultimate  values  i>t  e - S.'l  tst 

u 

anil  - J7.  I degrees  were  ol>t  a iueil . rite  angle  el  internal  Irlet  ion  lot 

u 

t lie  triable  sandstone  is  about  one-ball  that  ot  the  compel ent  saiulsti>ne. 

A e - S.9  tst  ami  a 1 - 77.  I decrees  is  recommended  lor  tin'  triable 

u u 

sandstone  and  a e 0.‘>  tst  and  f ‘>1.7  decrees  is  recommended  tot 

n 

eonipet ent  sandstone  when  either  reek  is  considered  in  stability  analysis. 

Shear  strength  pataiuelers  tot  the  bedrock  within  the  tirst  -t  tt  under  the 
lower  approach  wall  were  not  obtained  as  discussed  earlier.  Shear  strengths, 
thought  to  approach  lower  bound  values  tor  this  .-one,  are  the  strengths 
presented  tor  triable  sandstone  and  shale-tilled  partings  in  sliatev  sand 
stone.  Except  tor  the  material  not  being  fractured,  the  triable'  sand- 
stone used  in  obtaining  shear  strengths  was  similar  tc  the  triable  sand- 
stone t omul  in  tlu'  4-tl  /one  beneath  tin'  lower  approach  wall. 

SO.  l'he  shear  strength  parameters  lor  intact  shale  are  c 1.7  tst 

and  11.9  degrees  and  the  ult  imate  values  are  c - 1.  1 tst  and  f ll.o 

u 11 

degrees.  Hiese  values  were  obtained  trout  specimens  tested  parallel  t c 
bedding.  1'revlouslv  reported  f values  tor  intact  shale  in  Keterence  > 
compare  unite  well  with  the  current  values.  Previous  ^ is  1-i.S  degrees, 
l'he  values  tor  intact  shale  do  not  compare  well  with  similar  values  pre- 
s ite  in  Keterences  1 and  1.  These  references  reported  .f's  of  i'*.  S degrees 
ami  c's  ot  1.  1 tst.  It  is  recommended  that  the  lower  shear  strength  values 
be  used  tc  reauaylvze  portions  ot  the  structural  stability  analysis  that 
incorporated  shale  tor  bedrock. 

t>0.  five  sliding  friction  tests  were  conducted.  iwo  tests  along 
shale-tilled  partings  in  competent  sandstone  yielded  low  values  ot  e 1.1  tst 
and  - 7t«.7  d. 'glees.  Pwo  tests  along  shale-tilled  partings  in  dolomite 
yielded  low  values  ot  c 1.7  tst  and  1>  - 70.  t>  degrees.  thie  test  along 
a shale  parting  in  shaley  sandstone  iboriug  l.-l,  el  ilO.O  ttl  had  a c 
7.'*  tst  and  a if  - 1 1.7  degrees;  the  - 1 l.  7 degrees  is  near l v the  same  as 
tilt'  f tor  intact  shale  til. 9 degrees).  l'he  shear  strength  parameters  tot 
Intact  shale  are  recommended  t o be  used  when  rock  containing  shale-tilled 
partings  is  considered  in  stability  analysis. 

t> l . One  series  of  cross-bedded  shear  tests  on  dolomite  yielded 
tst  ami  a - 7 1.  I degrees;  ult  imate  values  are  c 

ii 

7S 


a c 


70.0  tst 


7 I degrees . 


Polomitlc  rock  occurs  beneath  the  lower  approach 


and  if 

u 

wall,  however,  sliding  along  shale  seams  is  likely  to  occur  be  to re  cross 
bedded  shear  t (trough  the  dolomite  or  any  other  roek  present  in  the  t onnda 
tion.  No  roek-on-roek  (precut)  dlreet  shear  tests  were  eondueted  during 
this  program.  these  shear  strength  parameters  ean  be  found  tabulated  in 
paragraph  IDS;  they  are  taken  trout  Keterenee 

Back!  i t 1 

bd . One  piezometer  was  set  in  boring  SK-WKS  HWB  1-77  whleh  is 
loeated  in  the  baekllll  adjacent  to  the  lower  approach  wall.  l’ert  luent 
intorm.it  ion  concerning  the  piezometer  installation  is  presented  in  1’late  i . 

t>3.  the  peak  stress  values  obtained  trout  the  R trlaxial  and  the 
direct  shear  tests  ot  overburden  are  presented  in  table  r>.  the  stress 
circles,  stress-strain  plots  and  selected  characterization  properties  t’ 

tor  the  triaxial  tests  are  presented  on  Plates  lb-l‘>.  the  shear  stress- 
normal  stress  plots  and  other  pertinent  informal  ion  t tom  the  dlreet  slteat 
tests  are  presented  on  Plates  dO-d  1.  Recommended  soil  design  parameters 
were  based  on  this  data  and  are  as  follows: 

1 wet  1 1 S . -i  pc  I 

I dry  dti.S  pet 

1 sub  t'O.  1 pet 

e “ 0.0 

, ,o 

if  - 28 

A value  for  coefficient  ot  lateral  earth  pressure  for  similar  back!  ill 
material  is  presented  in  Reference  5;  it  is  k^  O.V'  and  appears  reason 
able. 

tlenera  l 

ti-t.  Because  a majority  ot  work  el  fort  was  t o ascertain  the  extent 
ot  dot er iorat ed  concrete  at  the  lock  and  dam,  it  appears  appropriate  to 
present  a definition  ot  deteriorated  concrete.  l’lie  authors  concur  with 

d‘> 
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tracks  are  the  results  ot  1 reeling  and  thawing.  All  structures  at  the 
leek  and  dam  contain  1 rest -damaged  concrete.  Within  some  ot  the  frost- 
damaged  cones  cracks  at  right  angles  to  the  free  surface  l formed  surfaces) 
ot  the  core  were  observed.  Similar  cracking  occurred  outside  frost -damaged 
/.ones.  Longitudinal  cracks  normal  to  the  free  surface  are  associated 
with  alkali-silica  react  ion  in  hydraulic  structures  and  some  bridges. 

Cote  SK  WKS  D-JJ  is  a good  example  of  both  types  ot  cracking;  see  photo- 
graph 117  in  Appendix  B.  I'lie  photograph  shows  a particle  ot  white  chert 
next  to  the  large  long  it udinal  crack  that  goes  to  a depth  ot  1.0  tt;  the 
chert  is  apparently  the  most  react  ive  aggregate  in  t lit’  structure.  Simil.tr 
cracks  were  t omul  in  about  one-fourth  ot  cores  examined. 

Lock  Chamber  Land  Wall 


t>8.  Dept  It  ot  Deierjairat  ion.  I'lie  average  depth  of  concrete  deterio- 
rat  ion  throughout  the  eroded  portion  o!  the  wall  is  0.7  tt;  maximum  depth 


of  frost-damaged  concrete  is  0.  ) tt  tsoe  1'late  1 for  individual  depths  ot 


t rest -damaged  concrete  at  each  boring  location). 

<>'*.  I'lie  total  depth  ot  deterior.it  ion  as  measured  from  the  original 
lace  ot  the  lock  wall  is  the  sum  ot  the  eroded  depth  and  ot  the  present 
t rost -damaged  concrete.  I'lie  deepest  damaged  concrete  is  near  the  top 
ot  t lie  wa  1 1 . 

7D.  Average  Pliysic.il  Properties.  I'lie  average  physical  properties 
ot  the  land  wall  concrete  are  tabulated  below: 


lest 


Near  Surface 
Cone  ret  e 


Bottom  ot  Core 
Spec i mens 


Percentage  * 
Dill crcncc 


effective  Unit  Wt  , pcf  1*8..' 

Comp  Wave  Velocity,  fps  U,7  77 

Compressive  Strength,  ps  i S , lit) 

Modulus  ot  Plasticity,  x 10  ps  i d.-tl 

Poisson's  Ratio  0.1b 


US.  l 
1 5,070 
5 . J bl) 


.’.is 

0.18 


+7 . 1 
— s . \ 
+ 1.0 
+ 17.0 
-11.1 


I’lie  percentage  difference  was 
men  value  as  the  base  number. 


alculaled  using  the  bottom  ot  core  sp 


U 


Hie  concrete  is  soiuul  just  beyond  the  outer  few  inches  of  concrete.  The 
percentage  ditlerenees  indicate  minor  changes  between  the  near  and  bottom 
of  core  concrete. 


l.ock.  Chamber  River  Wall 


71.  1'eptli  ot  lieteriorat  ion.  The  average  depth  ot  deteriorated 
concrete  throughout  this  s ide  of  the  wall  is  0.2  ft;  the  maximum  depth  is 
0.2  tt  (see  Plate  1 tor  depth  ot  deteriorated  concrete  for  each  boring). 
The  deepest  t rest -damaged  concrete  is  near  the  top  of  the  wall.  All  of 
the  core  except  the  one  taken  from  monolith  40  exhibited  frost  damage 
near  the  vertical  lock  wall  surface. 

72.  Average  Physical  Properties.  The  average  physical  properties 
ot  the  liver  wall  concrete  are  listed  below: 


War  Surface  bottom  of  Core  Percentage 


Effective  Unit  Wt , pcf 
Comp  Wave  Velocity,  fps 
Compressive  Strength,  psi 
Modulus  of  Plasticity,  x 10  psi 
Poisson's  Ratio 


14b . b 
1 1 , bOO 
5 , 7 f?0 

2.1b 
0.  lb 


Spec  1 mens 

144.2 
14,9b  1 
5, 2b0 


D i t I e fence 

+ l.b 
-9.  1 
+9.  1 
-2-4.0 
-20.0 


tlenerallv,  the  near  surface  concrete  in  the  top  portion  ot  the  lock  walls 
has  lower  physical  properties  than  the  near  surface  concrete  near  the  low 
poo  1 elevation.  In  general  the  bottom  ot  core  specimens  exhibit  slightly 
higher  physical  properties  than  the  near  surface  concrete.  Although  the 
percentage  difference  indicates  that  the  modulus  and  Poisson's  ratio  of  the 
near  surface  concrete  is  about  80  percent  of  the  bottom  concrete,  both 
are  reasonable  values.  The  diflerence  should  be  taken  into  account  if  a 
stress  analysis  was  being  made  ot  the  lock  chamber  walls. 


Upper  Gate  Bays 


71.  IVjath  ot  IV  t e r i oral  i on . The  average  depth  ot  deteriorat  ion 
in  the  gate  bays  is  0.21  tt  with  the  maximum  depth  of  0. b tt  in  boring 


OW  8 (II).  This  boring  is  located  in  tin*  rivorward  side  of  the  bay.  At 
about  0.9  ft  a fracture  surface  was  noted  along  with  alkali-silica  gel. 


The  fracture  is  normal  to  the  free  surface.  This  extent  of  damaged  con- 
crete in  a location  subjected  to  high  stress  as  a gate  bay  is  considered 
dangerous.  Immediate  repair  of  the  gate  bays  is  necessary  for  the  pres- 
ervation of  the  lock. 

74.  Average  Physical  l’ropert  ies.  l'he  average  physical  properties 
of  the  upper  gate  bays  concrete  are  tabulated  below: 


Near  Surface  Bottom  of  Core  Percentage 


Effective  Unit  Wt , pcf 
Comp  Wave  Velocity,  l'ps 
Compressive  Strength,  ps i 
Modulus  of  Elasticity,  x I 
Poisson's  Ratio 


Cone  rot  e 

14t> . 1 
12,23b 
6,070 


Specimens 

147. 3 
14, 12b 
5,  180 
4.00 
0.  lb 


Pi  ft  o rone. 

-0.8 
-13.4 
+ 12.8 


Hie  near  surface  concrete  shows  about  a 13  percent  reduction  in  the  Vp 
compared  to  the  concrete  at  a depth  of  about  1.5  ft.  Frost  damage  has 
affected  the  veloeitv  ot  the  near  surface  concrete. 


Lower  Cate  Bav 


75.  There  was  no  deter iorat ion  due  to  frost  act  ion  detected  in 
the  one  boring  (OW-10)  in  the  lower  gate  bay.  A minor  amount  of  scaling 
was  observed  on  the  core  end  which  represented  the  present  wall  face  of 
the  bay. 

7b.  The  near  surface  and  bottom  end  ot  the  core  had  similar  physi- 
cal properties: 


Effective  Unit  Wt,  pcf 
Comp  Wave  Velocity,  fps 
Compressive  Strength,  ps i 
Modulus  of  Elasticity,  x 10  psi 
Poisson's  Ratio 


Near  Surface  Bottom  of  Core  Percentage 

Concrete  Spec  linens  Difference 


153.0 
15,025 
b.blO 
4.65 
0.  19 


151. 7 
15, b25 
b , 5b0 

5.9  1 
0.26 


.ore  is  eons  idered  (i>  lu-  sound  eonerete. 


Pile  neat 


The  lull  length  ot  tile  i 
surtaee  ii'iu'ioti'  exhibits  .1  sinul.it  del  o final  ion  response  to  .1  eompress i ve 
loading  .is  Jill  the  look  eh.imber  land  wall  oonoroto;  i.e.,  tin1  modulus  and 
Poisson's  ratio  ot  the  near  surtaee  eonerete  is  about  'a  peroent  ot  the 
deeper  oone  ret  i‘ . 

Ppper  Appro. toll  Wall 

hep  th  ot  IVt  eriorat  ion.  there  was  no  ovidenoe  ot  t lost -damaged 
oonoroto  in  the  three  eoros  taken  1 rorn  the  upper  approaoh  wall.  IV o oores 
ooiit.tuii'd  new  eonerete  as  an  overlay  and  one  oore  oont . lined  all  old  eon- 
o rote.  Snapping  by  barge  trat  tie  has  resulted  in  minor  amounts  ot  ooneroti 
loss  at  the  edges  ot  the  armor  plates. 

'S.  Average  I'liysioal  Properties.  The  average  phvsioal  properties 
ot  tin'  upper  approaoh  wall  oonoroto  are  presented  below: 
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* Pile  near  surtaee  eonerete  was  not  tested  due  to  the  high  oonoeut  rat  ion 
ot  steel  bars  and  pieoes  ot  armor  plate  within  that  oore. 
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in  the  two  vertical  borings,  however,  no  frost  damage  was  detected  in 
the  horizontally  drilled  core.  The  average  depth  of  frost-damaged  con- 
crete in  the  core  from  the  vertical  borings  was  0.75  ft.  The  maximum 
depth  was  0.8  ft.  Figure  5 presents  details  of  the  damaged  concrete  in 
the  lower  approach  wall. 

80.  Longitudinal  cracks,  starting  at  the  free  surface  and  extending 
to  maximum  depths  of  1.5  ft,  were  observed  in  three  of  the  four  cores 
from  the  horizontal  borings.  Alkali-silica  gel  was  present  on  the  crack 
surface  of  core  GW-3;  the  longitudinal  cracks  are  thought  to  be  caused 

in  part  by  alkali-silica  reaction. 

81.  Average  Physical  Properties.  The  average  physical  properties 
of  the  concrete  from  the  two  vertical  holes  in  the  lower  approach  wall 
are  presented  below.  Test  specimens  were  obtained  from  the  near  surface, 
middle,  and  bottom  of  the  approach  wall;  the  values  from  core  at  the  mid- 
dle and  bottom  of  hole  were  averaged  because  they  were  nearly  equal. 


Middle  and 

Near  Surface  Bottom  of  Core  Percentage 
Concrete  Specimens  Difference 


Effective  Unit  Wt,  pcf 
Comp  Wave  Velocity,  fps 
Compressive  Strength,  psi 
Modulus  of  Elasticity,  x 10  psi 
Poisson's  Ratio 


153.6 

11,000 

5,470 

.1.57 

0.17 


149.9 

15,257 

6,920 

5.29 

0.20 


+2.5 

-27.9 

-21.0 

-70.0 

-15.0 


'Hie  velocity  and  modulus  of  elasticity  of  the  near  surface  concrete  is 
considerably  less  than  the  concrete  in  the  other  portions  of  the  boring; 
28  and  70  percent,  respectively.  These  lower  values  are  expected  in  view 
of  the  amount  of  deteriorated  concrete  in  the  upper  0.7  ft  of  boring  GW-2. 
The  test  specimens  that  represented  the  near  surface  concrete  did  contain 
frost-damaged  concrete.  The  strength  of  the  same  core  does  not  indicate 
the  damaged  concrete.  The  reason  is  that  often  times  cracks  in  cores 
that  are  perpendicular  to  the  axis  of  applied  load  have  little  effect  on 
compressive  strength.  From  a material  standpoint  the  concrete  in  the  top 
of  the  wall  is  not  performing  as  originally  intended.  it  is  suggested 


36 


that  consideration  be  given  to  replacing  the  top  9 In.  of  concrete  in 
the  lower  approach  wall  during  the  upcoming  maj or  rehabilitat  ion  program. 

82.  Average  Physical  Properties.  The  average  physical  properties 
of  the  concrete  from  the  lour  horizontal  holes  in  the  lower  approach  wall 
are  presented  below: 


§ 


Near  Surface 


Test  Concrete 


effective  Unit  Wt,  pcf  151.1 

Comp  Wave  Velocity,  fps  lb, 094 

Compressive  Strength,  psi  ( 7,420 

Modulus  of  elasticity,  x 10  psi  5.21 

Poisson's  Ratio  0.24 


Bottom  of  Core 

Spec  linens 


141.9 


lb, 10  1 
8,  190 


b.  19 
0.  24 


Pe rcent age 

Dili erence 

-0.  5 
-0.  1 
-9 . 4 
-14.8 
0.0 


Very  small  difference  exists  between  the  near  and  bottom  ol  core  concrete 
(distance  of  about  1 ft).  No  repair  to  the  vertical  face  of  the  wall  is 
necessary . 


Head  Cates 

81.  Depth  of  Deter iorat  ion.  The  depth  ol  deteriorated  concrete 
and  cracking  associated  with  alkali-silica  reaction  observed  in  the  core 
from  the  head  gate  piers  are  presented  in  figure  4;  also  see  Plate  B4  in 
Appendix  B. 

84.  Frost  action  and  alkali-silica  reaction  have  combined  to  cause 
extensive  damage  to  the  concrete  in  Piers  b and  18  (Piers  24  and  12,  re- 
spectively, using  the  CDO  numbering  system).  Most  ol  the  damaged  concrete 
is  located  in  the  downstream  top  portion  ol  Piers  b and  18).  The  maximum 
depth  ol  frost  damage  (1.2  ft)  was  found  in  Boring  D-2b  (Pier  18),  however, 
cracks  were  observed  to  continue  to  the  end  ol  the  core  (depth  1. I It). 

Core  D-22  has  longitudinal  cracks  to  its  full  depth  of  1.1  ft.  The  average 
depth  ol  damaged  concrete  (including  I rest -damaged  and  cracked  concrete) 
in  the  piers  is  2.0  It.  The  core  from  the  sill  section  of  the  headgate 
bays  showed  no  evidences  ol  I rosl  damage.  Longitudinal  cracking  is  pres- 
ent in  one  ol  the  two  cores  from  the  sills;  D-21  from  a depth  interval  of 
0.4  l o 1.5  ft. 
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8 '> . Average  Physical  I ropert  ies.  I lu*  average  concrete  physical 
proport  ies  ot  t ho  headgate  piors  and  sills  are  presoatoil  ho  low: 


lost 

I t t oot  l vo  Uu i t Wt , pc t 
Pomp  Wave  Velocity,  I ps 
Compressive  Strength,  psi 
Modulus  ot  I last  {.city,  x It)  psi 
I’o  i ssou' s Hat  i o 


Near  Surfaci 
Cone  ret  o 

1 54 . 4 
12,875 
5,280 

5.02 

0.  11 


Hot  tom  ot  Coro 

Specimens 

15  i.S 
1 5,08  ! 

5,050 

i.S)  l 

0.  20 


I’o  room  ago 
Dill  e fence 

CO.  i 
-14.8 
+4 . t> 

-2  5.0 
-45.0 


An  extremely  low  value  ot  velocity  was  recorded  lor  the  near  surface  core 
1. 1 list  I tt  o!  core)  in  Boring  0-2  5,  it  was  8518  I ps  or  about  one-ha  1 1 
the  value  ot  the  sounder  concrete.  flic  modulus  lor  this  particular  speci- 
men is  also  low  compared  t o sound  concrete;  0.71  x 10  psi  as  compared  to 
4.00  x It)'  psi.  it  is  recommended  that  lor  the  headgate  piers  9 to  12  in. 
ot  concrete  be  removed  from  the  downstream  t aee  and  replaced  wit  It  new 
concrete.  Local  areas  may  require  deeper  removal.  The  sides  ot  those 
pieis  that  are  heavily  spalled  and  cracked  should  have  the  exterior  con- 
crete removed  and  replaced  with  at  least  b in.  ot  concrete. 


lee  Chute  Pier 


8t>.  Depth  ot  Potorioiat  Lon.  file  most  severe  I roe.-,  i ng  and  thawing 
has  taken  place  in  the  ice  chute  pier;  this  is  the  pier  that  the  boiler 
house  rests  upon.  flic  average  depth  ot  frost-damaged  concrete  is  1.7  It 
with  .i  maximum  depth  ot  5.1  tt  in  the  core  I rom  Boring  D-20;  sec  Figure  5 
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87.  Average  I’hysieal  Propert  ies.  flic  average  physical  proper!  ies 
ot  the  ice  chute  pier  are  presented  below: 


Near  Sur I ace 


Tost  Concrete 

Pd  t ect  i ve  Unit  Wt , pcf  149.5 

Comp  Wave  Velocity,  1 ps  7,766 

Compressive  Strength,  psi  5,010 

Modulus  oi  Elasticity,  x 10  psi  1.41 

Poisson's  Ratio  0.10 
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15,  500 
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IV  front  age 
0 i I f e fence 

+ 1.9 
-49.2 
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The  average  velocity  and  compressive  strength  1 or  the  near  surface  concret  i 
(first  1 It  oi  core)  is  the  lowest  recorded  over  the  project.  The  lowest 
velocity  and  strength  was  recorded  for  core  0-20  which  is  from  the  vert i- 
cal  boring.  The  velocity  and  strength  is  2S40  I ps  and  2400  psi,  respec- 
tively. The  percentage  difference  indicates  that  the  near  surface  concreti 
is  ol  poor  quality  compared  to  the  deeper  concrete. 

SS.  Nine  to  twelve  in.  of  concrete  from  the  t op  ol  the  pier  should 
he  removed  and  replaced.  Both  sides  ol  the  pier  are  heavily  spalled  and 
cracked.  At  least  9 in.  of  concrete  from  both  sides  ol  the  pier  should 
be  removed  and  replaced  with  new  concrete. 


fainter  date  Piers 


{59.  iyju.li  ol  lyteriorat  ion.  Based  in  part  on  visual  observat  ions 
and  i>n  boring  information.  Piers  1,  2,  5,  6,  7,  9,  10,  and  11  (.1,  , 5, 

5,  u,  9,  10,  and  l l 01)0  numbering  system)  have  been  severely  damaged  bv 
I rest  action.  Piers  4,  5,  and  8 are  considered  to  be  moderately  damaged . 
Refer  to  figure  n for  depths  ol  frost  damage  and  boring  local  ions.  The 
average  depth  ol  frost  damage  for  the  severely  damaged  piers  is  1.4  It; 

maximum  depth  ol  frost  damage  combined  with  cracking  extends  t o 5.1  it 

near  the  nose  ol  Piers  6 and  9.  The  cracking  is  in  part  due  t o alkali- 

silica  reaction.  The  greatest  amount  ol  I rost -damaged  concret  e in  the 

tainter  gate  piers  occurs  in  the  upstream  one-ha  1 1 port  ion  to  about  I it 
below  upper  pool  elevat ion.  Severe  erosion  has  occurred  at  the  upstream 
water  line  around  the  nose  ol  the  piers.  The  least  amount  ol  damaged 
concrete  is  located  near  the  downstream  edge  ol  the  piers. 

90.  No  damaged  concrete  due  to  frost  act  ion  was  delected  in  the 


three  borings  drilled  into  Pier  4. 


■ signs  ol  erosion 


on  thi'  sides  ol  the  piers. 


However,  there  wen 


'•1.  It  is  recommended  (hat,  lor  the  severely  frost-damaged  piers, 

9 t o Id  in.  ol  concrete  be  removed  and  replaced  with  new  concrete.  The 
top  horizontal  surfaces  of  the  moderately  damaged  piers  should  be  repaired 
to  a depth  ot  9 to  id  In.  fhe  new  concrete  should  be  t led  to  the  old 
using  grouted  anchor  bolts.  To  further  insure  a good  bond,  an  epoxy  ad- 
hesive between  the  old  and  new  concrete  is  recommended  in  areas  where  it 
is  practical  to  use.  The  average  depth  of  deteriorated  concrete  over 
the  severely  damaged  piers  is  1.4  It.  Presently  for  each  I s<|  ft  of  ex- 
posed surface  there  is  1.4  cu  tt  of  concrete  readily  susceptible  to  freezing 
anil  thawing.  A 9-in. -thick  cap  ot  new  concrete  would  reduce  the  volume 
ot  deteriorated  concrete  by  r>4  percent.  It  the  porous  concrete  under 
the  9- in.  cap  contained  water,  it  would  probably  freeze  and  could  crack 
from  beneath.  The  least  amount  of  porous  concrete  left,  the  greater  the 
possibility  that  a cap  would  not  crack  from  beneath.  Injection  of  an 
epoxy  resin  or  chemical  grout  into  the  remaining  porous  concrete  should 
I ill  voids  and  increase  the  concrete  strength.  Names  and  addresses  ot 
companies  dealing  with  epoxy  inject  ion  can  be  obtained  from  the  tol low- 
ing agency.  l'lie  address  appears  in  Reference  12. 

"Division  of  Oeuoral  Research,  Bureau  ot  Reclamation,  Kngi- 
neerlng  and  Research  Center,  Denver  federal  Center,  Denver, 

Colorado  80225." 

One  or  more  of  these  companies  may  have  had  experience  with  injecting 
epoxies  or  chemical  grout  into  porous  concrete.  It  is  assumed  that  the 
techniques  used  would  be  different  than  techniques  used  for  injecting 
these  materials  into  single  or  multiple  cracks.  The  effectiveness  ot 
such  a procedure  should  be  studied. 

92.  Average  l’hys lea  1 1'roport  ies.  The  average  physical  properties 
of  the  severely  and  moderately  deteriorated  concrete  from  the  talnter  gate 
piers  are  presented  below: 
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PART  VI:  GEOLOGICAL  CHARACTERISTICS  AND 
SUMMARY  OP  CONCRETE  CONDITION  AND  RECOMMENDATIONS 


Bedrock  Stratigraphy 

94.  Two  stratum  were  encountered  under  the  lock  and  dam  site,  the 
Ordovician  St.  Peter  Sandstone  and  the  Shakopee  Dolomite.  The  Tout i and 
Kress  sandstones  of  the  St.  Peter  Formation  were  uncovered  at  Starved 
Rock.  The  Tonti  member  is  a medium-  to  fine-grained,  well-sorted,  non- 
calcareous,  triable  sandstone.  The  Kress  is  a coarse  rubble  or  conglom- 
erate of  angular  chert  in  a sometimes  layered  matrix  of  sand,  green  shale, 
or  clay.  The  Kress  contains  layers  of  shale  up  to  1-ft-thick.  The 
Shakopee  Dolomite  is  a thin-  to  medium-bedded,  fine-grained,  argillaceous 
to  pure,  light  brown  to  light  grey  dolomite.  It  contains  lenses  and 
layers  of  sandstone  up  to  4-ft-thick,  blue  green  to  grey  shale  seams  up 

to  0 . 3-f t-th ick , and  shale-filled  bedding  planes  throughout.  Lenticular 
masses  of  dolomite  that  are  algal  reefs  up  to  1 ft  in  thickness  are  found 
in  the  Shakopee. 

95.  A major  unconformity  separates  the  St.  Peter  and  the  Shakopee 
in  the  Starved  Rock  area.  An  interval  of  erosion  and  non-deposition 
created  the  irregular  errosional  surface  that  separates  these  two  bodies 
of  bedrock.  This  irregular  surface  may  explain  some  of  the  differences  in 
elevation  of  the  contact  between  the  St.  Peter  and  the  Shakopee. 

Backfill 

9(>.  Bedrock  overburden  behind  the  lower  approach  wall  is  probably 
spoil  from  the  lock  and  dam  excavations  and  consists  of  a mixture  ot  clay, 
sand,  and  gravel.  Proportions  of  fill  range  from  80  percent  loose  sand 
(clayey  sand)  on  top  to  an  equal  percent  of  compact  clay  (sandy  clay) 
near  the  bottom.  The  overburden  rests  on  the  Kress  sandstone  or  at  the 
contact  of  the  Shakopee  Dolomite  and  Kress  as  inferred  from  borings  in 
the  adjacent  lower  approach  wall. 
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Cou logic  Cross  Section 

97.  Two  cross,  sections  were  drawn;  one  along  the  dam  and  one  along 
the  lock  chamber  land  wall  and  the  lower  approach  wall.  A tight  contact 
(between  the  concrete  and  bedrock)  was  noted  in  two  of  the  three  borings 
drilled  in  the  lock  and  approach  walls.  The  borings  in  back  of  the  dam 
were  drilled  directly  into  rock.  Those  sections  give  an  overview  ot  the 
bedrock  under  the  lock  and  just  in  back  of  the  dam  and  show  the  variations 
in  the  two  major  rock  units.  The  location  of  weak  materials  such  as  shale, 
clay,  and  friable  sandstone  can  be  readily  detected  which  should  be  bene- 
ficial in  assigning  strength  parameters  for  stability  analysis.  1'he 
unconf ormable  contact  between  the  St.  Peter  and  Shakopee  exists  under  the 
project.  The  4-ft-thick  sandstone  layer  in  the  dolomite  is  also  continuous 
under  the  lock  and  dam. 

98.  There  are  a few  discontinuous  clay  seams  and  clay  lens  in  the  T 

St.  Peter  and  near  the  top  of  the  Shakopee.  The  thickest  unit  of  clay 

(a  1 — f t lens  or  seam)  was  encountered  just  4 ft  downstream  of  tainter  gate 
pier  No.  6.  The  lens  is  assumed  to  be  within  4 to  12  ft  of  the  concrete- 
bedrock  contact.  The  clay  was  analyzed  by  X-ray  diffraction  and  contains, 
among  other  minerals,  the  mineral  montmor illonlte  which  is  a swelling 
type  clay.  The  extent  of  the  clay  is  unknown. 

Bedrock  Structural  Character  1st ics 


99.  Dips  in  local  bedding  range  from  < l to  12  degrees  when  measured 
between  boreholes  (three-point  problem)  at  the  St.  Peter/Shakopee  contact. 
The  4-ft  sandstone  bed  in  the  Shakopee  dips  uniformly  ■- 1 degree  over  the 
project;  this  is  consistent  with  regional  dips  cited  in  the  literature. 

100.  The  first  3 and  4-1/2  ft  of  bedrock  beneath  the  lower  approach 
walls  in  borings  GW-1  and  CW-2 , respectively,  is  fractured.  The  fractured 
rock  in  these  two  borings  consists  of  shale,  clayey  shale,  friable  sand- 
stone with  shale-filled  partings,  and  cherty  dolomite.  This  fractured 
zone  constitutes  a weakness  in  the  bedrock  and  should  be  considered  in  a 
structural  stability  analysts.  Similar  amounts  of  fracturing  in  the  same 
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tvpc  of  rook  exist  under  t ho  downs t roam  portion  ol  the  landside  look  wall 
(see  1’lato  J , Rote roue e 1).  I'lio  bedrock  under  t ho  nppor  portion  ot 
t ho  l.uulsido  lock  wall  and  nndor  t ho  rivorsido  look  wall  oonsists  ot 
dolomito  with  shalo-fillod  partings  and  thin  sandstono  lavots.  About 
S tt  beneath  t ho  baso  olovation  ot  t ho  look  is  t ho  nominal  S-tt-thiok 
sandstono  layor  that  is  continuous  over  t ho  look  and  dam  site.  The  low- 
est value  ot  Internal  t riot  ion  if  = 11.7  dog)  obtained  on  a shalo-fillod 
part ing  was  measured  on  a tost  specimen  recovered  I rom  this  sandstone 
layer. 

101.  Four  tt  downstream  from  tatntor  gate  pier  No.  4 is  a 1 — t t — 
thick  Unis  or  seam  ot  clay  containing  fragments  of  dolomite.  The  top 
ot  the  Ions  is  located  at  el  aid.  1 which  is  1 1.7  ft  below  tho  design  baso 
elevation  ot  tho  luinter  gate  piers.  It  is  a.d  tt  below  tho  baso  ot 
tainter  gate  pier  No.  t>  which  is  approximately  140  tt  to  tho  north;  tho 

contact  ot  tho  baso  ot  pier  b and  bedrock  was  determined  t rom  boring  It- Id  T 

drilled  during  tho  Phase  11  work.  Tho  lens  was  not  found  in  any  other 
boring  put  down  during  this  investigation  or  the  previous  investigation. 

It  is  recommended  that  the  extent  ot  this  material  be  determined  by 
drilling  during  the  scour  detect  ion  program  scheduled  for  FY  78.  It  it 
is  present  under  a port  ion  of  the  dam,  then  sliding  stability  analysis 
for  this  area  of  the  dam  should  be  checked  using  appropriate  material 
properties  of  the  clay;  the  clay  would  be  sampled  and  tested. 

10.’.  l'he  Sandwich  Fault  done  is  the  nearest  major  regional  struc- 
ture to  Starved  Rock  l.ock  and  Dam;  the  tault  cone  is  do  miles  to  the 
northeast . Small  local  faults  were  observed  on  the  core  t rom  two  borings, 
the  largest  having  an  apparent  displacement  ot  1 . tt.  Those  small  faults 
will  not  affect  the  stability  ot  the  lock  or  dam. 

101.  The  joints  that  were  observed  in  the  core  during  this  investi- 
gation are  considered  to  be  within  the  same  joint  sets  reported  in  Ret or- 
enco  ’ . No  joint  orientations  were  measured  during  this  study,  however, 
the  previous  joint  orientations  measured  at  the  proposed  duplicate  lock 
site  (adjacent  to  present  lock,  see  Reference  ')  could  be  extrapolated 
to  the  dam  site.  Individual  joints  and  conjugate  joints  could  possible 
participate  in  failure  ot  sections  ot  the  approach  and  lock  walls  and 
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the  Jam  in  one  of  the  following  ways.  ItiJiviJual  joints  coulJ  provide 
an  ine lined  surface  on  which  a horizontal  shear  tailure  eouLd  daylight. 

And  it  the  orientation  ot  joint  sets  lortn  possible  rook  wedges,  then 
sliding  along  the  joint  surfaces  could  occur.  i>ne  potential  sliding 
mass  is  a wedge  bound  on  the  top  by  concrete,  exposed  lace  due  to  scouring, 
and  two  intersecting  cross-bed  joints.  The  format  ion  of  potential  wedges 
is  illustrated  in  Figure  5 ol  Reference  5.  In  order  to  determine  possible 
wedge  sices,  joint  frequency  or  joint  spacing  within  joint  set  s must  he 
determined.  11  the  scour  areas  at  the  lock  and  dam  are  ever  dewatered, 
detailed  geologic  structure  mapping  should  be  performed.  Informat  ion 
from  such  a mapping  effort  could  give  realistic  rock  wedge  sic.es  lor  use 
in  a structural  stability  analysis.  I t the  t ive  joint  attitudes  listed 
on  p lo  ot  Reference  5 are  examined  alone  with  the  attitude  ol  tin  bedding 
and  hypothesized  to  have  a significant  probability  ot  existing  beneath 
the  dam  or  lock  wall,  then  they  may  be  combined  in  various  ways  to  produce 
representatives  of  possible  slide  wedges.  These  hvpolhet  ic.il  slide  wedges 
may  then  be  analyzed  .is  to  their  mode  o t sliding  and  their  respect  i\u  tac- 
tors  of  safety.  The  six  discontinuities  can  be  combined  into  nine  wedges 
that  are  visually  apparent  to  have  a possibility  ot  moving  into  a scour 
or  excavation  parallel  to  the  river.  Ot  these  nine  possible  wedges 
analysis  indicates  three  have  factors  ot  safety  against  sliding  by  their 
dead  weight  ot  less  than  1.0.  The  angle  ot  sliding  friction  used  was  11.'. 
the  lowest  determined  by  testing.  The  calculations  method  is  detailed  in 
Reference  11.  The  following  informal  Lon  pertains  to  the  six  Jtsconlinui 
ties  that  can  be  combined  into  wedges. 
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Mower  lower  value  obtained  during  this  investigation.  See  p 3d,  Refer- 
ence tor  values  that  have  been  updated. 


Leek  Concrete  Condition 


10b.  New  concrete  in  repaired  sections  is  in  good  condition.  It  V 

is  air  entrained  and  has  resisted  the  harsh  winter  environment  on  the 
rivet,  l'he  new  concrete  is  structurally  sound  by  itself  but  in  certain 
local  ions  could  be  knocked  loose  by  barge  impact  because  of  the  frost 
damaged  concrete  beneath.  lhe  old  concrete  in  the  lock  structures  is 
non-air  entrained  concrete  that  was  well  consolidated  during  placement. 

It  is  structurally  sound  in  areas  which  have  not  been  effected  by  frost 
act  ion. 

107.  The  exposed  and  near  surface  old  concrete  in  the  chamber  walls 
and  upper  and  lower  gate  bays  is  lightly  to  moderately  deteriorated. 

Freezing  and  thawing  is  the  major  cause  o!  the  d. imaged  concrete;  alkali- 
silica  teat  ion  is  a minor  cause.  All  of  the  exposed  vertical  surfaces 
have  been  effected  by  frost  action  to  varying  degrees.  The  results  of 
frost  damage  is  evidenced  by  erosion  and  scabbing  of  the  concrete.  l'he 
average  depth  of  frost  damaged  concrete  is  as  follows:  lock  chamber  walls, 

0.3  ft;  upper  gate  bays,  0.33  ft;  and  lower  gate  bays,  none  in  core, 
however,  exposed  aggregate  on  the  wall  indicates  damaged  has  occurred. 

108.  There  was  no  evidence  of  frost  damage  in  the  core  from  the 
upper  approach  wall.  No  repair  to  the  concrete  is  required  in  this  wall. 
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109.  No  Irost  damaged  concrete  was  recovered  from  the  horizontally 
drilled  borings  in  the  vertical  face  of  the  lower  approach  wall.  The 
vertical  face  need  not  be  repaired.  The  average  depth  of  frost  damaged 
concrete  from  the  vertical  borings  in  the  wall  (top  of  wall)  is  0.75  ft. 
the  concrete  on  top  of  the  wall  is  not  performing  as  originally  intended. 
It  is  suggested  that  consideration  be  given  to  replacing  the  top  9 in.  of 
concrete  with  new  concrete  during  the  upcoming  major  rehabilitation  pro- 


110.  It  is  suggested  that  t>  in.  of  concrete  on  the  exposed 
vertical  surfaces  of  the  lock  walls  and  gate  bays  be  removed  and  replaced 
with  new  concrete.  The  thickness  of  concrete  required  to  bring  the  exist- 
ing wall  out  to  its  original  position  is  not  addressed  in  this  report. 
Local  areas  may  require  deeper  removal. 


0am  Concrete  Condition 


111.  New  concrete,  as  an  overlay  over  damaged  concrete,  was  en- 
countered in  one  of  the  borings  in  the  dam  masonry.  It  is  sound  by  itself 
but  subject  to  being  broken  off  if  impacted  hard.  The  old  concrete 
in  the  dam  structures  is  non-air  entrained  concrete  and  structurally 
sound  in  areas  which  have  not  been  affected  by  frost  action  and  alkali- 
si  1 ica  roac t ion . 

lid.  Alkali-silica  reaction  is  present  in  the  concrete  and  is 
generally  found  behind  the  frost  damaged  concrete.  The  greatest  amount 
of  damage  due  to  this  reaction  has  occurred  in  the  dam  masonry.  The 
effects  of  the  alkal i-s I lie a reaction  is  confined  to  the  outer  4 ft  of 
concrete.  Since  the  serious  alkali-silica  reaction  seems  to  be  expressed 
most  often  in  association  with  cracks  normal  to  free  surfaces,  it  seems 
reasonable  to  assume  that  the  alkali-silica  reaction  was  encouraged  when 
the  exterior  concrete  began  to  crack  up  because  of  freezing  and  thawing, 
progressively  letting  water  penetrate  into  the  concrete.  It  the  outer 
fragile  concrete  is  repaired  as  recommended  with  air-entrained  concrete, 

(lie  structures  should  be  stable  in  terms  ot  the  anticipated  behavior  of 
the  concrete.  The  exception  being  if  water  in  the  old  porous  concrete  behind 
the  new  concrete  freezes,  cracking  of  the  new  concrete  could  occur 
from  beneath. 
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on  most  of  the  dam  masonry.  Krosion  is  more  prominent  near  mean  upper 
and  Lower  pool  elevations,  while  scabbing  occurs  on  most  of  the  concrete 
sur 1 aces . 

114.  1'he  average  depth  of  concrete  deterioration  in  the  head  gate 
piers  is  2.0  It;  si  Lis  ol  the  gate  bays  are  damaged  only  at  the  downstream 
edge  which  are  rounded.  The  ice  chute  pier  is  deteriorated  Lit  an  average 
depth  ol  1.7  It.  Ta inter  gate  Piers  4,  4,  and  8 are  moderately  deteriorated 
in  Localized  areas  to  depths  of  about  4 in.  lie  remaining  tainter  gate 
piers  are  severeLy  deteriorated  to  an  average  depth  ol  1.4  It.  The  great- 
est amount  of  damaged  concrete  is  found  in  the  upstream  half  ol  the  piers; 

,i  maximum  depth  of  1.1  ft  was  observed  near  the  nose  in  I’iers  (>  and  9. 

I 1 r> . it  is  recommended  that  9 to  12  in.  ol  concrete  be  removed  and 
replaced  with  new  concrete  on  the  following  dam  sections  and  areas  ol 
sections;  localized  areas  may  require  deeper  removal: 

a.  Downstream  face  of  L-lie  head  gate  piers  and  edge  ol  the 
sills. 

b.  Ice  chute  pier. 

i'.  Tainter  gate  I’iers  I,  2,  1,  b,  7,  9,  10,  and  11. 

d.  Horizontal  surfaces  ol  tainter  gate  I’iers  4,  5,  and  8. 

lib.  Six-in.  concrete  removal  and  replacement  with  new  concrete 
is  recommended  in  the  following  areas: 

a.  Sides  of  the  head  gate  piers. 

b.  Local  areas  on  vertical  surfaces  ol  tainter  gate  I’iers  4, 

4 , and  8.  These  areas  are  evident  by  leaching  and  scab- 
b ing. 

117.  The  new  concrete  should  be  tied  to  the  old  concrete  using 
anchor  bolls.  To  improve  the  bond  between  old  and  now  concrete,  an  epoxy 
adhesive  is  recommended  in  irons  where  it  is  leasible  to  be  used;  see 
Appendix  i!  for  briel  discussion  ot  capping  the  tainter  gate  piers  with 
new  concrete. 

118.  The  concrete  deterioration  at  Starved  Kook  Lock  and  Dam  is 

in  an  advanced  stage  and  the  rate  of  deterioration  will  accelerate  il  the 


* 
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concrete  is  lot  t exposed  to  the  I reex  lng-and-l hawing  env  i roument  . I'his 
invest  igal ion  concurs  with  t ho  I i tidings  of  tho  Chicago  District ; i.o., 
tho  com- rote  must  undergo  a major  rehabilitation  it  the  lock  and  dam  is 
to  cont  ittue  in  service  lor  an  ox t ended  length  ot  t ime. 


Recommended  lust  rument  at  ion  ol 
holt  Dam  Abutment 


ltd.  District  and  hock  personnel  have  encountered  problems  in 
operat  lug  taint er  gale  No.  10  near  the  lett  dam  abutment.  As  part  ol 
the-  District's  continuing  ongoing  investigation  at  Starved  Rock  hock  and 
Dam,  WKS  is  instrument  ing  t lit'  lett  dam  abutment.  The  purpose  tor  in- 
strumenting is  to  ascertain  the  origin  ol  movement  which  systematically 
(possibly  seasonally)  stresses  or  binds  the  left-most  tainler  gate  causing 
opening  to  be  extremely  difficult.  The  proposed  plan  is  presented  below; 
thi'  proposal  has  been  sent  to  the  District  under  separate  cover  in 
Ap  r i 1 1978. 

a.  In  order  to  determine  the  appropriate  remedial  actions 
for  the  above-men! ii'ned  problem,  the  movements  ol  piers 
It)  and  II  should  be  described  as  a function  of  time.  To 
detect  the  pier  movements,  10  oxteusomelcrs  are  recom- 
mended. Two  multiple-point  borehole  ext  ensomel  ers  (MI’BX) 
should  be  placed  through  the  abutment  pier  and  extended 
into  the  abutment  to  a depth  beyond  any  possible  move- 
ment. One  MI’BX  should  be  located  upstream  ol  the  tainler 
gate  as  far  as  practical  and  the  other  downstream  ot  the 
gate  (figure  7).  The  third  extensometer  t o be  placed  in 
the  abutment  should  be  a single-point  extensometer  pi. iced 
through  the  lower  center  ol  the  abutment  pier.  Three 
single-point  ext ensomel ers  should  be  used  for  spanning 
the  tainler  gate  which  has  opening  difficulties.  The 
remaining  four  ext ensomel ers  should  be  single-point, 
placed  vertically  through  the  piers  and  anchored  to  com- 
petent toundat  ion  rock. 

b.  I'rooise  location  ot  the  MI’BX  should  be  determined  from 
visual  inspect  ion  ol  the  abutment  adjacent  to  the  pier. 

I’he  depth  ot  the  deepest  anchor  should  be  determined 
from  visual  inspection  ol  the  top  of  the  abutment  for 
surface  expressions  ol  stress  relief  joints,  conjugate 
joint  sets,  etc.,  and  from  the  core  obtained  from  the 
MI’BX  borings.  Intermediate  anchor  points  tor  the  MI’BX 
will  hi'  located  1 tom  l In-  borehole  cores  in  an  el  tort  to 
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avoid  mull  i |>  1 1*  auohorago  williiu  [ ho  samo  rook  blook, 
auohorago  within  joints,  ill'.  t.ooat  lou  ol  tin1  slnglo- 
point  oxt onsomol  ors  botwoon  piors  10  .uul  11  should  bo 
adjaoout  to  thi’  ubulnu'ut  oxt  onsotiiol  ors . 1‘1  u*  rout. lining 

uni  ousomot  ol  s aro  to  ho  loon  toil  toward  o.ioh  otnl  of  t ho 
two  plots  ami  t ho  Oopt h ot  .inohor  point  should  ho  dotoi 
mlnod  I rout  001  o lops  ol  t ho  t ospoot  Ivo  hot  ings. 

Data  aoipiisit  (on  lot  t ho  abovo  svstom  is  a roasonublv 
s imp  l o proooduro,  and  with  on  I v litnitoil  training  look 
and  dam  porsouuol  oould  toad  t ho  i usl ruiiiont  s oasilv.  Sinoi 
t ho  MI’ISX  it;,  to  a limitod  oxt out,  lomporatiiro  sons  i t 1 vo , 
t oinpoi  .it  tiro  should  bo  rooordod  any t into  t ho  svstom  it;  t oad. 
Additionally,  to  ootn[>  1 omont  t ho  oxt  ousomot  of  loadings  and 
possibly  ptovldo  sonio  insight  1 1>  t ho  plot'  movoinout  s , it  it; 
t oooiiUHondod  that  both  tips!  roam  and  dowttst  roam  rivot  star, os 
bo  fi’i'o  tali’ll  at  t ho  t into  oxt  oiisomot  ot  loadings  aro  uui|uiiud. 

I'ho  I toi|uoni  y at  wliloh  loadings  ato  aoiptitod  should  bo 
sot  bv  t ho  Disti  iot  t'ttioo;  Itowovor,  it  is  t oooiiutioudod 
that  t ho  loading  soltodulo  bo  tloxiblo  with  prov  is  ions 
lot  i Hi- 1 axis  ing  tho  t ioi|uouov  it  tho  amount  ot  into  ol 
moasniod  ntovomont  i ml  i oat  i'.s  tho  uooossitv.  Diold  plots, 
ttta  i tit  a i m'll  bv  look  ami  dam  poisonnol,  would  Insuro  tho 
oat d ii’st  possiblo  dot  oot  iott  ot  any  .ulvoi  so  movomout  . 

Pot  ilia l itat  a t oduot  iiut  I'att  bo  ai’i’ompl  tsliod  at  t hi*  WPS  on 
an  on-going  basis  with  wlnim.it  oltort.  An  ovaluat  ion  ol 
tin’  data  ai'nuiiod  I rom  tho  t oi’omttiomloil  iust  i timoiit  at  ion 
svstom  should  imlioato  tho  mooltau i sms  involvod  tu  tho 
iiiovomont  ol  tho  pior(,s)  and  oousoi|uout  l v tomodial  1 000111 
111011d.it  ions  oan  bo  mado  to  a 1 loviat  o tho  taint  01  gat  o 
opo t at  i on  prob 1 oms . 

Post  lot  installing  tho  i list  t utitonl  at  i on  .svstom,  i no  hiding 
ilt  ill  lug  and  dt  ill  support  ousts,  is  $tm,,'Ol>.  I'ho  oost 
hroukdown  i s givott  bo  low: 
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I'.xt  ousomot  ot  Iti'.iil 
Anohot  t; , I1.1  rdwaro , ot  0 . 
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$ 1.1’ 
1 ,H00 
t,  000 
■ . POO 
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Approximately  two  months  "lead"  time  will  be  required  by  the  WES  for 
acquiring  and  fabricating  the  special  "invar”  tape  extensometers  for  use 
in  spanning  the  fainter  gate. 
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DETAIL  GEOLOGIC  AND 
STRUCTURAL  CROSS  SECTIONS 


Because  of  the  complex  nature  of  the  foundation,  it  was  necessary 
to  draw  detail  geologic  and  structural  cross  sections.  The  sections 
were  used  to  assist  in  the  selection  of  representative  rock  for  labora- 
tory testing  and  to  correlate  strata  over  the  lock  and  dam  site.  The 
geologic  sections  were  made  first  and  were  used  to  compile  the  general 
log  of  borings  and  the  geologic  cross  sections  presented  in  the  text. 
Boring  and  section  lines  are  shown  on  key  location  maps  on  each  of  the 
four  cross  section  plates. 
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B1 


RESULTS  OK 
I’KI'ROORAl’Itu:  REPORT 


1.  The  Concrete  Laboratory  serial  numbers,  depth  ot  core,  .nul 
field  Idcnl  i I lent  ion  tor  .ill  row  token  during  tin-  resur  1 .1  e i ng  phase  at 
the  work.  Is  presented  in  Table  HI. 

2.  A general  description  ol  the  rone  ret  e l row  41  borings  are  pre- 
sented in  Plates  BI-BIO.  Concrete  front  cores  CW- 1 , - I,  -4.  -d,  and  -I  !; 

It- 1 , -t>,  -‘I,  -20,  -21,  -22,  ami  -2(>  was  selected  lor  detai  led  petrographic 
examination.  These  specimens  were  chosen  because  they  represented  the 
general  cotulit ion  ol  the  concrete  from  a spec  i I ic  part  ot  the  lock  01 
dam.  The  detailed  logs  are  presented  in  Plates  III  1-1121. 

1.  Cores  CW— l and  CW-2  were  in  similar  physical  condition.  The 
new  snrtace  concrete  to  depths  ot  0.8  It  and  0.7  It,  respectively,  con- 
tained many  tract  tires  going  through  the  paste  and  aggregate  subparallel 
and  parallel  to  the  surlace.  The  cracking  is  believed  to  be  caused  by 
1 rest  act  ion.  The  structure  was  built  belore  air  entrainment  was  int re- 
duced; and  except  tor  some  resurfacing  and  t illed  areas,  none  ot  the  con- 
crete contained  any  entrained  air.  The  concrete  in  these  two  holes  was 
in  good  coiulit ion  except  for  the  region  neat  the  surlace. 

4.  The  composition  of  the  near  surlace  cement  paste  in  core  UW-1 
was  like  that  ol  the  cement  paste  in  the  cinuicli-  deeper  in  the  hole. 

The  paste  consisted  ol  quart/.,  dolomite,  ettringite,  tetracalcium  alumi- 
nat e hydrate,  caleite,  and  plagioclase  toldspars.  The  last  three  were 
aggregate  contaminat  ion  ol  the  samples. 

>.  The  concrete  I roin  cores  dW-l,  -4,  -b,  and  -11  is  in  good  coudi- 
t ion  except  lor  a longitudinal  crack  extending  Item  exterior  surlace  end 
ol  the  core  to  depths  ot  about  0.'  and  1.4  It  in  cores  (!W~ 1 , -4,  and  -11; 
see  Plate  111.  All  ot  the  cracks  were  old.  The  cracked  surfaces  were  par- 
tially coated  with  calcite;  there  was  also  some  alkali-silica  gel  around 
some  aggregate  particles  visible  on  the  broken  surlaces.  A1 ka 1 i -s i I i c.i 
reaction  was  probably  responsible  for  producing  these  longitudinal  cracks. 

The  concrete  in  core  f!W-b  was  not  cracked  and  is  in  good  coiulit  ion  fl’lale  111). 


112 
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upper  gates.  The  top  t>  in.  was  new 
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aggregate.  All  of  the'  concrete  irom 


concrete  with  1/2- in. 
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this  hole  was  in  good 


7.  Cores  0W-7,  -8,  and  -l)  showed  the  effects  ot  freezing  and  thaw- 
ing damage  as  cracking  in  the  upper  parts  of  the  cores  (Plate  112).  The 
cores  showed  subparallel  to  parallel  cracks  near  the  surface  to  a depth 
ot  about  0.3  tt  (Plate  112).  Photograph  111  shows  the  near-surface  concrete 
t rom  core  CW-9. 


8.  Cores  CW-5,  -12,  and  -11  drilled  in  the  upper  guide  wall  at 
about  533  ft,  754  ft,  and  917  ft  from  the  center  line  of  the  lock,  re- 
spect ively,  and  at  the  same  elevat ion,  were  in  good  corn! it  ion.  All  ot 
the  cores  contained  many  reinforcing  bars.  A general  description  of  the 
cores  is  given  in  Plate  113. 

9.  8ix  cores  were  taken  from  piers  No.  6 and  No.  18  in  the  head- 
gate  section.  Cores  P-21  and  P-24,  drilled  from  the  sill  adjacent  to 
these  piers,  were  in  good  condition  and  did  not  show  any  signs  ot  dete- 
rioration. However,  the  other  concrete  cores  from  these  locations  were 
in  poor  condition  caused  by  freezing  and  thawing  and  alkali-silica  reac- 
tion as  shown  in  Plate  114.  Cores  P-22  and  P-25  contained  incipient  cracks 
below  a depth  of  l ft.  All  of  the  cracks  tended  to  be  subparallel  to  t be- 
long axis  ot  the  core  and  passed  through  the  aggregate  and  the  cement 
paste.  The  crack  surfaces  in  core  P-26  were  coated  with  algae,  and  P-2! 
lias  a parabolic  crack  at  about  0.8  ft  depth.  The  cause  of  the  near  sur- 
face cracking  was  probably  frost  action.  The  deeper  longitudinal  cracks 
probably  were  caused  by  alkal  i-s  i 1 ica  reaction.  Photograph  112  illustrates 
the  cracking  described  above. 

It).  Core  P-20  was  drilled  in  the  ice  chute  pier.  The  core  was 
fractured  to  a depth  ot  1.7  ft  with  tract ures  that  were  parallel  or  sub- 
parallel to  the  surface  and  passed  through  aggregate  and  cement  paste. 
These  fractures  were  probably  caused  by  frost  action.  The  core  below 
1.7  tt  was  also  fractured  but  these  fractures  passed  around  aggregate  and 
were  not  parallel  to  the  surface.  The  paste  had  been  eroded  from  the  core 


II 1 


surtace  during  drilling,  leaving  .1  sandy  textured  cored  surlaee. 
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eon  lit  indicate  a wet  concrete  mixture  or  damage  ot  the  mortar  by  freezing 
and  thawing  ot  both.  X-rav  diltraetion  examination  ot  the  eemeut  paste 
revealed  no  unusual  crystalline  component . 

11.  Cores  0-18  and  D-19  were  also  drilled  into  the  ice  chute  pier. 
l'he  maximum  depth  ot  frost  damage  was  found  at  0.5  It  and  1 . ti  tt,  respec- 
tively. Other  Information  about  these  three  cores  is  in  1’late  115. 

12.  Eighteen  cores  were  drilled  in  live  piers  in  the  fainter  gate 

sect  ion  of  the  dam.  the  depth  of  frost  damage  in  each  ot  the  18  is  shown 

in  Elates  o through  10.  l'he  concrete  was  in  good  condition  in  piers  No.  -i 
and  No.  « with  only  minor  frost  damage  in  core  0-8  from  pier  No.  h.  Cores 
t tom  piers  No.  2,  No.  7,  and  No.  9 were  in  similar  physical  condition. 
Cores  0-t>,  0-9,  and  0-10  from  similar  locations  in  the  different  piers 
showed  free::  lug  and  thawing  damage  to  1.5  tt,  1 tt,  and  0.7  tt,  respec- 

t ivolv.  Cores  0-1,  0-5,  and  0-'*  showed  tree/,  ing  and  thawing  damage  t o 

2.0  It,  1.5  tt,  and  0. 1 tt,  respect  ivelv.  The  other  cores  in  these  piers 

had  I rest  penetration  less  than  0.  1 tt  depth  except  for  core  0-10  in 
which  frost  damage  penetrated  to  0.‘>  tt  depth. 

1 1.  Cores  0-1,  -2,  -t>,  -7,  and  -l>  contained  some  longitudinal 
cracks.  The  longitudinal  cracks  in  cores  D-t>  and  0-7  were  horizontal 
and  could  be  traced  hack  to  metal  plates  supporting  the  tainter  gates, 
there  was  good  correlation  ot  old  breaks  in  the  concrete  in  cores  0-27 
and  0-28  with  the  horizontal  cracks  in  0-n  and  0-7.  Photograph  111  shows 
the  deterlorat ion  o!  old  concrete  below  new  concrete  in  core  0- 1 . 

l-i.  l'he  other  longitudinal  cracks  contained  some  a 1 ka  1 i-s  1 1 ica 
gel  in  some  air  voids,  but  this  was  not  believed  extensive  enough  to 
cause  the  cracks. 

15.  tie re  0-28  was  topped  with  2 tt  ot  new  concrete  which  was  air 
entrained  and  in  good  condition.  The  old  concrete  from  2.0  tt  to  2.5  it 
depth  is  clacked  by  t tee/ ing  and  thawing.  l’he  remainder  o!  the  concrete 
is  in  good  condition  (Plate  117). 
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It).  This  structure  was  built  with  non-a  ir-ent  ra  ined  concrete  ami 
gravel  aggregate,  characteristic  ot  tin'  area,  tip  to  3-in.  maximum  sice. 

The  aggregate  contains  ilolomite,  chert,  siltstone,  limestone,  shale,  ami 
other  varieties  ol  rock.  The  maximum  sice  ol  the  aggregate  varies  I torn 
core  t o core  am!  within  cores.  Examination  oi  the  core  logs  shows  that 
while  some  ot  the  concrete  is  in  good  cotnlit ion  front  the  I inishml  surlace 
to  the  greatest  depth  drilled,  many  oi  the  cores  show  cracks  subparallel 
to  the  free  surface  ot  the  concrete  and  to  depths  ranging  l rom  2 in.  t o 
1-1/2  tt  or  more.  Cores  D— l . -18,  -20,  and  -28  are  damaged  to  greater 
depths.  Inside  tin’  1 rost-dumugod  /one  some  ol  the  cores  contain  cracks 
normal  to  the  tree  surface  ot  the  concrete,  1 rei|ueut ly  associated  with 
white  chert  and  alkali-silica  ge I . The  longitudinal  cracks  normal  to  the 
free  surface  and  charact or  1st  ic  oi  a l ka 1 i-s i 1 i ca  react  ion  in  hydraul  ic 
! structures  am!  some  bridges,  and  represent  the  expansion  of  the  less  re- 

strained exterior  part  of  the  concrete  in  the  structure.  The  expansive 
force  and  the  restraint  combined  govern  the  extent  and  frequency  of  the 
cracks  normal  to  the  surface.  Photograph  ill  illustrates  a crack  suhpara- 
llel  to  the  I inishod  surlace,  resulting  from  I reeving  and  thawing,  and 
several  cracks  within  aggregate  particles  or  extruding,  I rom  an  aggregate 
particle  to  the  paste  that  suggest  alkali-silica  react  ion.  Photograph  HP 
illustrates  a core  showing  closely  spaced  sutipar.il  I e I cracks  produced  In 
frost  act  ion,  which  curve  tarther  back  I rom  the  I fee  taco  toward  a majot 
crack  normal  to  the  free  lace.  At  the  left  ot  the  major  crack  is  a broken 
particle  white  chert,  apparent ly  the  most  reactive  aggregate  in  the  struc- 
ture. Photgruph  H!  shows  the  complete  destruction  ot  concrete  back  ol  an 
air-entrained  repair.  Some  ot  the  cracking  in  the  largest  ! ragment  ot 
rubble  suggests  that  a lka  l i-s  i l ic  a react  ion  and  tree.-,  ing  and  thawing  con- 
tributed to  this  failure. 

17.  The  most  severe  tree/ ing  and  thawing  damage  appears  to  have 
taken  place  in  the  ice  chute  (Plate  lt‘>).  Hie  distribution  ol  a 1 ka  1 i -s  i 1 i ea 
react  ion  is  harder  to  summarize.  It  is  usually  t mind  behind  the  depth  ot 
I rost  damage;  it  is  apparently  absent  in  the  land-side  guide  wall;  it  is 
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present  in  some  ot  t ho  cores  from  headgato  pier  18  and  in  several  taintei 
gate  piers.  Nevertheless  the  substantial  a Ika 1 i -s i l ica  react  ion  has  not 
penetrated  the  concrete  that  is  more  than  about  4 It  back  ol  a tree  sur- 
face, and  cone  rote  farther  into  the  piers  or  sill  is  unultected  bv  eithei 
t ree;  ing  and  thawing  or  alkali-silica  reaction. 

18.  Since  the  serious  alkali-silica  reaction  seems  to  he  expressed 
most  often  in  and  associated  with  cracks  normal  to  tree  surfaces,  it  seems 
reasonable  t c assume  that  the  alkal  i-sil ica l react  ion  was  encouraged  when 
the  exterior  concrete  began  to  crack  up  because  ot  treeciug  and  thawing, 
progressively  letting  water  penetrate  into  the  concrete.  Possible  the 

a 1 ka l i -s  i 1 ica  react  ion  began  in  the  cracked  concrete.  Some  ol  the  trost- 
datnaged  concrete  is  gone;  much  ot  it  has  been  wasted  repeatedly,  so  gel 
that  perhaps  was  present  in  the  concrete  next  to  the  free  surlaces  has 
been  removed.  In  the  /.one  ot  longitudinal  cracks  normal  to  tree  surfaces 
substantial  but  apparently  not  general  a Ika 1 i-s  i 1 i ca  reaction  has  taken 
place.  Since  the  cracks  are  located  normal  to  horizontal  and  vertical 
surlaces  there  is  no  basis  that  we  can  t in>.l  for  an  assumpt  ion  that  there 
is  a regular  ditterence  in  alkali  content  of  t ho  cement  with  the  high 
alkali  cement  confined  to  the  zone  of  longitudinal  cracking. 

19.  Inspect  ion  ot  the  deepest  cores  and  of  cores  from  depths  of 
8. S tt  shows  that  they  manifest  little  or  no  alkali-silica  reaction.  it 
the  structure  is  repaired  by  the  removal  ot  fragile  concrete  and  the  ad- 
dition ot  air-entrained  concrete  as  repairs,  the  structure  should  be 
stable  in  terms  ot  the  ant  icipated  behavior  ot  the  concrete. 


Table  B1 

Boring  Identification  Numbers 

CL  Serial  No.  Depth,  ft/EL* Field  Identification 

Backfill 


CL-1 

0-26 

458.5 

SR  WES  GWB-1:  backfill,  802  ft  downstream 
of  cener  line  lock,  behind  lower  guide 
wall 

CL-2 

0-18 

458.5 

SR  WES  CWB-2 : backfill,  797  ft  downstream 
of  center  line  lock,  behind  lower  guide 
wall 

CL-3 

0-19 

4 5 j . 5 

SR  WES  GWB-2:  backfill  791  ft  downstream 
of  center  line  of  lock,  behind  lower 
guide  wall 

Guidewall 

CON -5 

0-3.1 

452.9 

SR  WES  GW-3:  6- in. -diameter  concrete  core 

from  about  795  ft  downstream  on  land 
guidewall.  Horizontal  hole 

CON-6 

0-30.9 

459.0 

SR  WES  GW-1:  6-in. -diameter  concrete  core 

concrete  core  from  about  795  ft  downstream 
on  land  guide  wall.  Vertical  hole 

DC-5 

30.9-57.0 

459.0 

6-in . -diameter  rock  core  from  SR  WES  GW-1 

CON- 7 

0.3.3 

445.3 

SR  WES  GW-4:  6-in. -diameter  concrete  core 

from  about  795  ft  downstream  on  land  guide 
wall.  Horizontal  hole 

CON-8 

0-3.0 

454.2 

SR  WES  GW-11:  6-in . -diameter  concrete  core 
from  about  580  ft  downstream  on  land  guide 
wall.  Horizontal  hole 

CON-9 

0-27.5 

459.0 

SR  WES  GW-2:  6-in . -diameter  concrete  core 
from  about  580  ft  downstream  on  land 
guide  wall.  Vertical  hole 

DC-6 

27.5-54.8 

459.0 

6-in. -diameter  rock  core  from  SR  WES  GW-2 

CON-10 

0-3.5 

444.3 

SR  WES  GW-6:  6-in . -diameter  concrete  core 
from  about  580  ft  downstream  on  land  guide 
wall.  Horizontal  hole 

(Cont inued) 

MSL,  elevation  is  for  top  of  hole  for  vertical  drilled  holes  and  entry 
point  for  horizontal  drilled  holes 
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Table  B1  (Continued) 


CL  Serial  No. 

Depth,  ft/EL 

Field  Identification 

CON- 11 

0-3.0 

455.7 

SR  WES  GW-10:  6-in. -d iameter  concrete  core 

from  lower  gate  recess  land  side  wall. 
Horizontal  hole 

CON-12 

0-3.2 

461.3 

SR  WES  GW-7 : 6-in . -d iameter  concrete  core 
from  upper  gate  recess  land  side  wall. 
Horizontal  hole 

CON-13 

0-3.0 

460.7 

SR  WES  GW-8:  6-in . -diameter  concrete  core 
from  upper  gate  recess  river  wall.  Hori- 
zontal hole 

CON- 14 

0-3.2 

460.5 

SR  WES  GW-9:  6-in . -diameter  concrete  core 
from  emergency  gate  recess  river  wall. 
Horizontal  hole 

CON-15 

0-3.0 

460.8 

SR  WES  GW-5:  6-in. -diameter  concrete  core 

from  about  533  ft  upstream  river  side 
guide  wall.  Horizontal  hole 

CON-16 

0-3.1 

460.8 

SR  WES  GW-12:  6-in. -diameter  concrete  core 

from  about  754.5  ft  upstream  river  side 
guide  wall.  Horizontal  hole 

CON-17 

0-3.1 

461.0 

SR  WES  GW-13:  6-in . -diameter  concrete  core 
from  about  station  947  ft  upstream  river 
side  guide  wall.  Horizontal  hole 

Head  Gate 

CON-18 

0-2.9 

448.9 

SR  wes  u-23:  6- in . -diameter  concrete  core 

from  south  side  pier  No.  18.  Horizontal 
hole 

CON- 19 

0-3.0 

442.8 

SR  WES  D-24:  6- in. -diameter  concrete  core 

from  sill  floor  near  pier  No.  17.  Verti- 
cal hole 

CON-20 

0-3.0 

457.7 

SR  WES  D-26:  6-in . -diameter  concrete  core 
from  downstream  face  of  pier  No.  18. 
Horizontal  hole 

CON-21 

0-3.1 

448.8 

SR  WES  D-22:  6- in. -diameter  concrete  core 

from  north  side  of  pier  No.  6.  Horizontal 
hole 

CON-22 

0-3.1 

442.8 

SR  WES  D-21:  6-in . -diameter  concrete  core 
from  sill  floor  near  pier  No.  7.  Vertical 
hole 

CON-23 

0-3.  3 
456.7 

SR  WES  D-25:  6-in. -d iameter  concrete  core 

from  downstream  face  of  pier  No.  6.  Hori- 
zontal hole 

(Cont inued) 
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l'able  1'  1 (Eontinued) 


Sor  i 

al  No. 

Depth,  t 

t/El. 

E 

ie  K1  l dent  i f i eat 

ion 

lee  Chute 

CON- 

2 -♦ 

0-3. 

3 

SK  WHS 

0- 1 9 : 

b-  in 

. -d iamet or 

concrete  core 

454 . 

2 

t'  rom 

the  north  p 

ier  ice  chute.  Horizonta 

ho  1 e 

CON- 

2 5 

0-3. 

0 

SK  WES 

D- 1 8 : 

b-  in 

. -d  iamet  or 

concrete  core 

448. 

3 

f rom 

no rt  h 

p ier 

of  ice  chute.  Horizontal 

ho  1 e 

CON- 

2 b 

0-3. 

L 

SK  WES 

D-20 : 

b-  in 

. -d i amot  or 

concrete  core 

469 . 

0 

from 

i c e c 

hut  e . 

Vert i ca 1 

ho  1 e 

Ta  int  e 

r Gat  e 

CON- 

2 7 

0-3. 

3 

SK  WES 

D-4 : 

b - i n . 

-d iamet  or 

concrete  core 

445. 

3 

f rom 

p i e r 

No.  9 

downst  ream 

hole.  Hori- 

zont. 

ll  hoi 

e 

CON- 

28 

0-3. 

4 

SK  WES 

P-3: 

6-  in. 

-d iamet or 

cone roti'  core 

461. 

0 

1 rom 

p Ler 

No.  9 

middle  hoi 

e.  Horizontal 

ho  le 

CON  - 

29 

0-3. 

l 

SK  WES 

D-6: 

6-  in . 

-d  iamet  or 

concrete  core 

4 6 1 . 

4 

t rom 

p ier 

No.  9 

upstream  hole.  Horizonta 

hole 

CON- 

JO 

0-1  1 

1.0 

SK  WES 

D-28: 

b-  in 

. -d i ame t e r 

concrete  core 

4bS . 

0 

from 

p ie  r 

No.  9 

upstream  h 

ole.  Vertical 

ho  1 e 

DC- 

7 

0-19.8 

SK  WES 

D- 1 7 : 

6-  in 

. -d i amot or 

vertical  rock 

428. 

•y 

core 

t rom 

19  ft 

downst ream 

of  pier  No.  8 

DC- 

8 

0-19 

'.9 

S K W KS 

D-16: 

b - in 

. -d iamet  or 

vertical  rock 

428. 

b 

core 

f rom 

2.5  ft 

downstream  from  down- 

st  re; 

lm  edg 

e of  e 

one  rote  ap 

ron  pier  No.  8 

CON- 

31 

0-3. 

i 

SK  WES 

D-3 1 : 

b-  in 

. -d i amot e r 

concrete  core 

444 . 

from 

sout  h 

side 

of  pier  No 

. 7 downst ream 

ho  1 e 

. Hor 

izont a 

1 hole 

CON- 

32 

0-3. 

3 

SK  WES 

D-29 : 

6-  in 

. -d iamet or 

concrete  core 

4b  l . 

b 

from 

sout  h 

s i d e 

of  pier  No 

. 7,  middle  hoi. 

Hor  i; 

.tout  a 1 

hi'  1 e 

CON- 

3 J 

0-3. 

0 

SK  WES 

0-30: 

b-  in 

. -it  i amot  or 

concrete  core 

4b2 . 

3 

t"  rom 

south 

s ide 

ot  pier  No 

. 7,  upstream 

hole 

. Hor 

izont a 

1 hole 

CON- 

34 

0-3. 

3 

SK  WES 

0-9 : 

b-  in . 

-d iamet or 

concrete  core 

■*43. 

3 

t rom 

sout  h 

s ide 

ot  pier  No 

. 6,  downstream 

ho  l e 

. Hor 

i zont  a 

1 hole 

(Cent  inued) 


Fable  B1  (Cone luded) 


Sor  i 

nl 

No.  Depth,  t 

t /El 

V 

told 

Ido 

nt  if  io 

at 

ie'll 

CON- 

0-  i. 

5 

SR  WES 

D-8: 

6-  in 

. -d 

i aniet  e’ 

r i 

I’enc  r 

e’te’  Ce'ft’ 

4b  1 . 

3 

f rom 

soul  h 

side 

elf 

pi  or 

No 

• b , 

middle  holo 

Hor  iz 

:ont  .i  1 

ho  l o 

CON- 

16 

0-7 . 

9 

S R W ES 

0-7: 

(3-  in 

.-d 

iamet e 

r * 

e’e'llc*  r 

e’ t e'  e* e'  1*0 

4p0  . 

8 

1 rom 

SOlltll 

s ido 

e'  1 

p i e r 

No 

. (3  , 

upst ream 

ho  lo . 

Hor 

izont 

at 

holo 

CON- 

37 

0-11 

. 1 

8R  WES 

0-27: 

b-  in . - 

d i amet 

e*r 

cone 

1*0  te'  Ce'le’ 

4n8 . 

0 

1 rom 

up rf t ri 

.’am  o 

lid 

ot  pie 

r ! 

Ne'.  t3 

. Vert  ioa 1 

ho  1 e 

DC- 

9 

0-70 

i.  7 

SR  WES 

D-15: 

b- in . - 

d i amet 

cr 

ri'ok 

core  1 rom 

478. 

0 

19  It 

down st roam  l 

rom  p i 

er 

No. 

4.  Vert ioa 

ho  lo 

DC- 

10 

0-70 

i.  1 

SK  WES 

0-14: 

(3-  in . - 

d i amot 

e r 

rook 

core  t rom 

418. 

> 

4.0  t 

t downstre 

am 

of  downs 

t ream 

i e’eiv;e’  e' 1 

CO  lie*  l 

etc  apron 

near  pier 

N 

t' . 4 

CON- 

18 

0-3. 

0 

SK  WES 

0-34: 

0-  iii . - 

d iamet 

e r 

cone 

rote  ce'i'e' 

444 . 

7 

1 rom 

soul  ll 

s i el  o 

e' t 

p i e'  r 

No 

. 4 , 

downst  roam 

hole . 

Ho  r 

izont 

a 1 

hole 

CON- 

19 

0-7. 

9 

SK  WES 

0-32  : 

(3-  in . - 

■d  iamet 

er 

Ce'llC 

rote  eoro 

4b0. 

9 

1 rom 

soul  ll 

s ido 

C3  t 

p i e r 

No 

• , 

middle  holo 

Hor  izont  a 1 

ho  1 o 

CON- 

40 

0-3. 

4 

SK  WES 

0-33: 

h-  in.  - 

■d  iamet 

er 

Ce3nc 

ret e’  c e' r e 

9 

l rom 

sout  h 

side 

e' t 

p i e*  r 

No 

. 4 . 

Upst roam 

111'  lo. 

Hor 

i ^ 4311 t 

a 1 

ho  1 o 

CON- 

41 

o-s. 

i 

SK  WES 

0-10: 

b- in . - 

•d  iamet 

e'  r 

Ce3HC 

rote  core 

452. 

5 

from 

south 

s ido 

of 

p i e t* 

No 

• - « 

downst roam 

hi'  l o . 

Hor 

izont 

a 1 

ho  1 o 

CON- 

47 

0-3. 

i 

SK  WES 

0-3: 

(3-  in 

.-d 

1 i amot  o 

r 

Ce3llC  r 

e'te'  COre' 

44  b . 

3 

l r om 

south 

s iilo 

e3  t 

p i e r 

No 

. 2 downst roam 

ho  1 o . 

Hor 

i zont 

a l 

hole 

CON- 

4 5 

0-3. 

1 

SR  WES 

0-1  : 

I'—  i ii 

.-d 

1 i amot o 

r 

Ce'nc  r 

eto  ooro 

4b 3 . 

7 

l rom 

south 

s i do 

e3 1 

p i e r 

No 

. 2 , 

ill  i dd  1 0 

holo. 

Hor 

i zont 

a 1 

hoii' 

CON- 

* * 

0-7. 

9 

SR  WES 

0-2: 

(3-  in 

.-d 

1 i amot o 

r 

Ce'llC  r 

e'te'  e'e'lV 

4 b l . 

0 

l rom 

SOUt  ll 

side 

of 

p i e r 

No 

• - , 

upst roam 

holo. 

Hor 

izont 

■ll 

ho  to 

Sh  SCAMS 


contained  traverse  crack: 
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STARVED  ROCK  ICC'  AND  DAM,  ILLINOIS  WATER/* 7 

General  Description  of  Concrete  Cores,  Lower  Approach  Wall 


* Vertical  Boring 
**  Horizontal  Boring 


Cores,  Upper  Approver.  Wall 


Slli 


STARVED  ROCK  LOC<  AND  DA.M,  ILLINOIS  WATERWAY 

ir'n  of  Cortcreci  '.ores,  j Chute  Pier 


PLATE  B6 


i 

o 

o 


starved  rock  lock  and  dam,  Illinois  waterway 

General  Description  of  Concrete  Cores,  To  Inter  Cate  Pier 


STAXVE3  ROCK  I.OCK  AND  LA.M , ILLINOIS  WAT F» WAY 

General  Lescri^t  »or»  of  Concrete  Cores,  lainter  Cate  Pier 


' L-V.-  LA.:,  ILLINOIS  WATERWAY 

CcrKrett  Ccre%,  Ta*_.f 


STARVED  ROCK  LOCK  AND  DAM 

ILLINOIS  WATERWAY,  CH1CAC.0  DISTRICT 

6- in. -Diameter  Vertical  Concrete  Core 


SR  WES  < 

CW- 1-77 

id 

Finished  Surface 

1-1/2- in.  maximum 

s ize 

aggregate 

FR 

natural  carbonate 

coarse  aggregate 

with  some  igneous 

rock 

part ieles 

— 

Natural  siliceous 

f ine 

aggregate 

— Maximum  depth 

Air- Entrained 

of  frost 

S ome  en  t r a p p e d a i r 

damage 

— 

No  detailed 

petrography 

Concrete  is 

in  good  condition 

from  1.5  to 

8.0  ft 

PLATE  Bll 
(SHEET  1 OF  3) 


STARVED  ROCK  LOCK  AND  DAM 

ILLINOIS  WATERWAY,  CHICAGO  DISTRICT 

6-in. -Diameter  Concrete  Core 


Depth  Legend 
ft. 


2-in.  maximum  size  aggregate 
Natural  carbonate  coarse  aggregate 
with  some  igneous  rock  particles 

Natural  siliceous  fine  aggregate 
Air-ent  rained 
Some  entrapped  air 

Concrete  in  good  condition 


Lift  Joint  

1-1/2-in.  maximum  size  aggregate 
Natural  carbonate  coarse  aggregate 
with  some  igneous  rock  particles 
Natural  siliceous  fine  aggregate 
Not  air-entrained 
Some  entrapped 

Concrete  is  in  good  condition 


No  detailed  petrography 


Concrete  examined  at  greater  depths 
is  like  the  concrete  described  below 
9.1  ft  depth  with  3- in.  maximum  size 
aggregate 


PLATE  11 
(SHEET  3 OF  3) 


STARVED  ROCK  LOCK  AND  DAM 
ILLINOIS  WATERWAY,  CHICAGO  DISTRICT 

6-in. -Diameter  Horizontal  Concrete  Core 


SR  WES  GW- 3-77 


Depth  Legend 
ft. 


Finished  Surface 


Steel  bar 


1-in.  steel  bar 


3-in.  maximum  size  aggregate 
Natural  carbonate  coarse  aggregate 
with  some  igneous  rock  particles 
Natural  siliceous  fine  aggregate 

Not  air-entrained 
Some  entrapped  air 

Longitudinal  crack  is  old  with  some 
alkali-silica  gel  but  not  very  exten- 
sive 


3. 


End  of  boring 


STARVED  ROCK  LOCK  AND  DAM 

1 1.1. 1 NO  IS  WATERWAY,  CH1CAOO 

DISTRICT 

6- In. -Diameter 

Horizontal  Concret 

e Core 

SR  WHS  CW-I  1-77 


l.oi',  end 


ISIBM 

mm\ 


Finished  Surface  l -in.  maximum  size  aggregate 

Stool  armor  plate  Natural  carbonate  coarse  aggregate 

FR 

1/2- in.  steel  flat  iron 

1-1/2- in.  steel  bar,  1/2- in.  steel  bar 

Some  poor  consol idul Ion  around 
steel 

1/2-in.  steel  bar  Concrete  is  air-entrained  except 

3/4- in.  steel  bar  where  indicated 

Construction  Joint 


Some  alkali-silica  gel  in  voids 


1-in.  maximum  size  aggregate 
Natural  carbonate  coarse  aggregate 

Natural  siliceous  fine  aggregate 
Ai r-ent ra ined 


Concrete  is  in  good  condit  ion 


Kill  of  boring 


PI  A1  1 IUS 


PLATE  B7 


i&cgt' 


STARVED  ROCK  LOCK  AND  DAM 
ILLINOIS  WATERWAY,  CHICAGO  DISTRICT 

b-in. -Diameter  Vertical  Concrete  Core 

SR  WES  D-20-77 


Depth 

ft. 

0.0 


Legend 


Top  Surface  Scaled  Off 


FR  every  0.5  ft 


3- in.  maximum  size  aggregate 
Natural  carbonate  coarse  aggregate 
with  some  igneous  rock  particles 

Natural  siliceous  fine  aggregate 
Not  air-entrained 


Old  break 
Maximum  depth 
of  frost  damage 


Mortar  has  a sandy  texture  on 
cored  surface  and  may  have  been  too 
wet  when  placed 


End  of  boring 


Below  1.7  ft  breaks  and  fractures 
tend  to  be  around  aggregate 

Concrete  is  in  poor  condition. 


PLATE  B 19 


SR  WES  D-21-77 


Legend 

Finished  Surface 


3- in.  maximum  size  aggregate 
Natural  carbonate  aggregate 
w i t h some  i gneous  roc k pa r t ic 1 e s 

Natural  siliceous  aggregate 


Not  air-entrained 
Some  entrapped  air 


Concrete  is  in  good  condition 


End  of  boring 


STARVED  ROCK  LOCK  AND  DAM 
ILLINOIS  WATERWAY,  CHICAGO  DISTRICT 

b- in. -Diameter  Horizontal  Concrete  Core 


SR  WES  D-22-77 


Finished  Surface 

Broken  surfaces  are 
I carbonated 
\ 3/4- in.  steel  bar 
Max inuim  dept h 
of  frost  damage 


2- in.  maximum  size  aggregate 
Natural  carbonate  coarse  aggro 
gate  with  some  igneous  rock 
part icles 

Natural  siliceous  fine  aggre- 
gate 


Not  air-entrained 


Several  incipient  longitudinal 
cracks  opened  when  struck  with 
a sledge  hammer.  No  react  ion 
product  was  observed 


End  ot  boring 


PLATE  B21 


SK  WKS  D-dn-77 


Depth  Legend 

ft . 


maximum  size  agg 
il  carbonate  coar 
>■  i t h some  igneous 
■les 

i i s i L 1 c nous  i ine 

i r-ent rained 
•nt  rapped  air 


■aeks  across  pasti 
an  algae  coat ing 


PLATE  B72 


APPENDIX  C 

SEISMIC  COEFFICIENT 

STARVED  ROCK  LOCK  AND  DAM 
ILLINOIS  WATERWAY 


Cl 


DEPARTMENT  OF  THE  ARMY 

WATERWAYS  EXPERIMENT  STATION.  CORPS  OF  ENGINEERS 
P O BOX  631 

VICKSBURG  MISSISSIPPI  39180 

(ply  nifin  to  WESCC  25  May  1978 

SUBJECT:  Use  of  Seismic  Coefficient  for  Starved  Rock  Installation 


District  Engineer 

U.S.  Army  Engineer  District,  Chicago 

ATTN:  Chief,  Foundations,  Materials,  and  Surveying  Branch 
219  S.  Dearborn  St. 

Chicago,  IL  60604 


1.  In  regards  to  your  comments  on  the  Starved  Rock  Rehabilitation 
Project  submitted  by  W.E.S.,  especially  comment  4,  I found  it  neces- 
sary to  answer  in  detail. 

2.  The  comment  was  stated: 

"Page  15,  para.  28;  The  sandwich  Fault  is  a major  structure 
although  not  too  active  to  date.  Does  W.E.S.  have  any  reservations 
about  using  the  standard  zone  value  for  seismic  coefficient  for  the 
Illinois  Waterway  System  as  found  in  Figure  6 of  EM1110-2-1902?" 

3.  I spoke  with  several  earthquake  engineers  at  W.E.S.  in  the 
Structures  Branch  and  was  told  that  considerable  care  should  be 
tu^en  when  using  the  seismic  coefficient  method.  In  the  Corps 
this  method  is  gradually  being  replaced  by  more  accurate  analyses. 

They  recommended  using  Response  Spectrum  or  Time  History  Methods  for 
determining  Earthquake  Analysis  figures  for  a particular  structure. 

In  any  case,  calculating  a design-basis  earthquake  for  Starved  Rock 
is  beyond  the  scope  of  our  study  and  would  require  an  additional 
study  if  it  were  deemed  sufficiently  important. 

4.  However,  the  study  done  for  the  Atomic  Energy  Commission  by 
Sargent  and  Lundy  in  1973  on  a proposed  nuclear  power  plant  to  be 
built  in  LaSalle  County  has  some  information  which  may  be  applicable 
to  Starved  Rock  Installation.  The  detailed  Earthquake  Analysis  in- 
dicates that  "of  all  earthquake  events  which  can  be  postulated  for 
the  design-basis  earthquake,  the  maximum  level  of  horizontal  ground 
motion  of  20%  (.2  g)  of  gravity  would  result  from  the  occurrence  at  or 


C2 


WESCC 

SUBJECT:  Use  of  Seismic  Coefficient  for  Starved  Rock  Installation 

near  the  plant  site  of  an  earthquake  similar  to  the  1900  northern 
1 1 1 i ni os  Intensity  VII  shock."  This  is  probably  a better  estimate 
than  the  51  (.05  g)  given  in  the  seismic  coefficient  map  in  EMI  110-2- 
1902.  It  has  not  been  calculated  whether  the  Lock  and  Dam  could 
withstand  an  earthquake  of  this  magnitude.  For  additional  information 
on  the  Atomic  Energy  Commission  report,  see  the  1973  Appendix  A-Soils 
and  Geology  Report  for  Starved  Rock. 

5.  If  more  information  is  needed  about  the  newer  earthquake  analysis 
methods  or  the  calculations  of  the  design-basis  earthquake  for  Starved 
Rock,  contact  Dean  Norman,  Structures  Division,  Weapons  Effects 
Laboratory,  W.E.S. 

FOR  THE  COMMANDER  AND  DIRECTOR: 


BARBARA  PAVLOV 

Concrete  and  Rock  Properties  Branch 
Structures  Laboratory 

CF: 

Structures  Lab,  Dean  Norman 


2 


C3 


Dam  Scour  azimuth  = 115°/295° 


Prominent  joints  in  order  of  frequency  from  Reference  5. 


Strike 

Dip 

Dip  Dir 

1 

0°/180° 

16° 

90° 

2 

144°/324° 

17° 

234° 

3 

90°/270° 

10° 

0° 

4 

52°/232° 

20° 

322° 

5 

61°/241° 

8° 

151° 

Bedding 

B 

45°/255° 

10° 

135° 

Visual  checking  of  failure 

possibility : 

S-l-2 

- to  N,  No.  Maybe  to  S 

S-2-4 

No 

S-3-5  N 

S-l-3 

- Maybe  to  N 

S-3-4 

No 

S-4-5  S 

S-2-3 

- Neither  way 

S-l-5 

No 

S-l-4 

- Yes  to  N 

S-2-5 

S 

S-B-l 

No . 

2 plane  possibilities 

S-B-2 

S 

S-B-3 

N 

I 

S-l-2 

to 

South 

S-B-4 

N 

II 

S-l-3 

to 

North 

S-B-5 

No. 

III 

S-l-4 

to 

North 

IV 

S-2-5 

to 

South 

V 

S-3-5 

to 

North 

VI 

S-4-5 

to 

South 

VII 

S-B-2 

to 

South 

VIII 

S-B-3 

to 

North 

IX 

S-B-4 

to 

North 

Wet  weight  150  pcf 
<|>  = 13.7° 
a = 90° 

6 = 0° 


1)3 


r 1 


Hendron,  A.  J.  , E.  J.  Carding,  and  A.  K.  Alger,  Analytical  and  Graphical 
Methods  for  the  Analysis  of  Slopes  in  Rock  Masses.  NCC.  Technical  Report 


No.  36, 

1971 

. WES 

contract 

report . 

2.13 

u = 

(cos  6. 

, sin  B, 

0) 

2.14 

V = 

(cos  y 

, sin  6, 

- cos  y cos  B,  - sin  y) 

2.15 

w = 

W X V = 

= i j 

*1 

ux  uy  uz 


= { (uyvz-uzvy) > <uzvx~uxvz> ’ (uxvy"uyvx>  } 

= ^UyVZ,-UxVz,(uxVy-UyVx)} 

3.4  F.S.  = — — _W^-  ^an  ^ (single  plane) 

(w  • v) 

2 . 16  x^2  = W9  x wx 

= { CW2ywl2-w2zwly) , (W2zwlx-w2xwlz) , (W2xwly-w2ywlx) } 

3.15  S^,,  = x^7  x w 

= ( (X12ywz"x12zwy) » (X12zWx-X12xWz^ ’ (X12xWy“x12yWx) 1 
Vector  Analyses  of  nine  possible  wedges. 


S-l-2 

Plane  1 

Plane  2 

Bx  = 115° 

B2  = 152° 

Y!  = 16° 

Y2  = 17° 

ux  = (-0.423, 

, 0.906,  0) 

v : = (0.871, 

0.406,  -0.276) 

wx  = (-0.250, 

, -0.117,  -0.961) 

A 


1)7 


u.. 


, = (-0.333,  0.469,  0) 
v,  = (0.449,  0.844,  -0.292) 
w2  = (-0.137,  -0.258,  -0.95b) 

R = (0.0, -W) 

R • W = 0 + 0 + (-0.961) (-W)  = 0.961W  > 0 
R • W = 0.956W  > 0 Sliding  cannot  occur  on  2 


X12 

= (0.136, 

0. 107, 

-0.048) 

X12 

= 0.032 

1S12 

= (-0.108, 

0.143, 

0.011) 

2^12 

= (-0.115, 

0.137, 

-0.020) 

= -24.16° 

I.  R • = 0.011W  < 0 

R • 2S12  = 0.020W  < 0 

X.,,  sliding  impossible 
R • = 0. 96 1W  > 0 

plane  1 sliding  possible. 


Single  plane  sliding  on  plane  1 by  dead  weight, 
0 . 96 1W  tan  13.7 


F.S.  = 


0.276W 
,o 


= 0.849 


requires  4>_>  16.0  to  make  static  F.S.  > 1. 


Plane  3 

Plane  1 

8,  = 24.5° 

yJ  = 10° 

8,  = 115° 
Y2  = 16° 

ux  = (0.910, 

0.415, 

0) 

Vj  = (0.408, 

-0.896, 

, -0.174) 

wL  = (-0.072. 

, 0.158, 

, -0.985) 

08 


1 


1 


11 2 

= 

(-0. 

423,  0.906, 

0) 

v> 

= 

(0.871,  0.40b, 

-0.2 

76) 

w2 

= 

(-0. 

230,  -0.117 

, -o 

.961) 

R 

= 

(0, 

0,  -W) 

R 

‘ W1 

= 0.985W  > 

0 

no  tension 

R 

• w. 

= 0 . 96 1W  > 

0 

tensile  bre 

Single  piano  sliding  on  piano  1 bv  dead  weight, 


F.s.  , 


l.atoral  loading  or  pore  pressure  could  initiate  movement  but  otherwise 
stable. 


III.  S-4-1 

Plane  4 
e,  = o3° 

yj  = 20u 


Plane  1 
ho  = 1151 
V,  = 16° 


U1 

= 

(0.454, 

0.891, 

0) 

V1 

= 

(0.837, 

-0.427, 

-0. 343) 

W1 

- 

(-0. 306, 

0.156, 

-0.940) 

U ? 

= 

(-0.423, 

0.906, 

0) 

v2 

= 

(0.871, 

0. 406 , 

-0.2  76) 

w2 

= 

(-0.250, 

-0.117 

, -0.961) 

R 

= 

(0.  0, 

-w) 

R 

• W,  = o 

. 940W  > 

0 no  tension 

R 

• W-  = 0 

. 96  1W  -> 

0 tensile 

Single  plane  sliding  on  plane  4 by  dead  weight 

p.s.  - gBJUiZ  0.668 

0. 343W 

requires  20.0°  to  make  static  P.S. 

1W 


w 


U1  = 

(0. 

602, 

0.799, 

0) 

VI  = 

(0. 

791, 

-0. 596, 

-0.139) 

W1  = 

(-0 

. Ill 

, 0.084, 

-0.991) 

u2  = 

(-0 

.883 

, 0.469, 

0) 

v2  = 

(0. 

449, 

0.844, 

-0.292) 

w9  = 

(-0 

.137 

, -0.258 

, -0.956) 

R = (0,  0,  -W) 

R • W 0.991W  > 0 no  tension 

R • W.,=  0.956W  > 0 tensile 

Single  plane  sliding  on  plane  5 by  dead  weight. 


0. 99 1W  tan  13.7 
0. 139W 


= 1.738 


stable  under  dead  weight  alone. 


V. 


S-3-5 

l’ lane  3 

8,  = 24.3 
1 _ , ,,o 
= 10 


o 


Plane 
82  = 
Y,  = 


5 

53 


o 


U1  = 

(0. 

910, 

0.415, 

0) 

V1  = 

(0. 

480, 

-0.896. 

, -o. 

174) 

W1  = 

(-0 

.072 

, 0.158, 

, -o. 

.985) 

u9  = 

(0. 

602. 

0.799, 

0) 

v2  = 

(0. 

791, 

-0.  596, 

, -o. 

139) 

w,  = 

(-0 

.111 

, 0.084, 

, -o. 

991) 

1)10 


(0.  0,  -W) 


R ■ 

W1 

= +0.985W 

> 0 

no  tension 

R ■ 

w. 

= 0.991W 

> 0 

tensile 

Single  plane  sliding  on  plane  3 by  dead  weight. 


F.S.  = ^ ?%U1J-7  - 1.380 

U.1/4W  — 


stable  under  dead  weight  alone. 


VI.  S-5-4 


Plane  5 Plane  4 


= 

53° 

8., 

= 63° 

i. 

Y1 

= 

8° 

= 20° 

11 1 

= 

(0. 

602, 

0. 799, 

0) 

vl 

= 

(0. 

791. 

-0.596 

. -0. 

, 139) 

W1 

= 

(-0 

.111, 

0.085 

. -0. 

.991) 

« , 

(0. 

454 , 

0.891, 

0) 

v , 

= 

(0. 

837, 

-0.427 

. -o. 

.343) 

W i 

= 

(-0 

. 30b . 

0.  156 

, -o. 

,940) 

R 

= 

(0 

, o. 

-W) 

R 

• w 

o 

II 

. 99 1W 

- 0 

no  tension 

R 

• w 

2 = 0 

. 94 0W 

> 0 

tensile 

Single  plane  sliding  on  plane  3 by  dead  weight. 


F.S. 


0. 99 1W  tan  13.7 
0. 139W 


= 1.738 


stable  under  dead  weight  alone. 


VI 1.  S-B-2 

Plane  B 
8,  = 70° 
= 10° 


S9  = 152c 

>5  = 17° 


U1 = 

(0. 

342, 

0.940, 

0) 

V1 = 

(0. 

925, 

-0.337, 

-0 

. L 7 4 ) 

W1  = 

(-0 

. 164 . 

, 0.060, 

-0 

.985) 

u2  = 

(-0 

.883, 

, 0.469, 

0) 

v2  = 

(0. 

449, 

0.844, 

-0. 

292) 

w2  = 

(-0 

. 137 

, -0.258 

, - 

0.956) 

R~  = 

(0, 

0,  - 

-W) 

R • = 0.985W  > 0 no  tension 

R • W9  = 0.956W  > 0 tensile 

Single  plane  sliding  on  bedding  by  dead  weight. 


_ 0.985W  tan  13.7  _ 

F>S-  ~ 0.174W  ‘ In- 


stable under  dead  weight  alone. 


VIII.  S-3-B 

Plane  3 
8,  = 24. 5C 
>[  = 10° 


Plane  B 
By  = 70° 

Yi  = 10° 


uL  = (0.910,  0.415,  0) 

\l  = (0.480,  -0.896,  -0.174) 
w ]_  = (-0.072,  0.158,  -0.985) 

u.,  = (0.342,  0.940,  0) 

v7  = (0.925,  -0.337,  -0. L74) 

w.,  = (-0.164,  0.060,  -0.985) 


012 


no  tension 


R = (0,  0,  -W) 

R • W = 0.985W  > 0 
R • W.,  = 0.985W  > 0 tensile 

Single  plane  sliding  on  plane  3 by  dead  weight. 


F.S. 


0.985W  tan  13.7 
0. 174W 


= 1.380 


stable  under  dead  weight  alone . 


IX.  S-4-B 


Plane 

: 4 

Plane 

8 

8, 

= 

63° 

8,  = 

70° 

i 

Y1 

- 

20° 

2 

Y2 

10° 

U1 

= 

(0. 

454, 

0.891, 

0) 

V1 

= 

(0. 

837, 

-0.427 

, -o, 

.343) 

W1 

= 

(-0 

.306 

, 0.156 

, -o. 

.940) 

u2 

= 

(0. 

342, 

0.940, 

0) 

V2 

= 

(0. 

925, 

-0.337 

, -0. 

174) 

w2 

= 

(-0 

. 164 

, 0.060 

, -o. 

985) 

R 

= 

(0, 

0, 

-W) 

R 

• w 

1 

0.940W 

> 0 

no 

tens  ion 

R 

• w 

2 

0.985W 

> 0 

tensile 

Single  plane  sliding  on  plane  4 by  dead  weight. 


F.S. 


0.940W  tan  13.7 
0.343W 


= 0.668 


requires  $>  30.0°  to  make  static  F.S.  >_  1. 
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Conclus ions 

Sliding  on  single  plane  only  possible  for  cases  I,  III,  and  IX. 

Case  I:  Sliding  on  plane  1,  tensile  crack  on  plane  2,  and  friction 

angle  (<}>)  of  13.7°  produces  F.S.  = 0.85.  Requires  4>  of  16.0° 
to  make  static  F.S.  of  1. 

Case  III:  Sliding  on  plane  4,  tensile  crack  on  plane  1,  and  friction 
angle  (<j>)  of  13.7°  produces  F.S.  = 0.67.  Requires  <J>  of  20.0° 
to  make  static  F.S.  of  1. 

Case  IX:  Sliding  on  plane  4,  tensile  crack  on  bedding,  and  friction 

angle  ( 4> ) of  13.7°  produces  F.S.  = 0.67.  Requires  <)>  of  20.0° 
to  make  static  F.S.  of  1. 


Most  critical  discontinuities 


Plane 

4: 

strike  = 52°; 

dip  = 

20° 

NW 

Plane 

1: 

strike  = 0°  : 

dip  = 

16° 

E 

Plane 

2: 

strike  = 144 

: dip  = 

17 

0 SW 

Bedding : 

strike  = 45°; 

dip  = 

10° 

SE 

Possible  Volumes 

Assume  10-ft  height  of  vertical  free  face  of  slide  wedges. 

Case  I:  Volume  = | x 79  x 109  x -ir  x 10  = 14,352  ft3 

L 3 J 

= 532  ydJ 

Case  III:Volume  = ^ x r x 72  x 69  x 10  = 8,280  ft3 
= 307  yd3 

Case  IX:  Configuration  appears  very  unlikely  but  would  make  a crack- 
like subsidence  about  500  ft  long  normal  to  free  face  and 
60  ft  wide  at  free  face 

Volume  = -j  x y x 60  x 500  x 10  = 50,000  ft3 
= 1,850  yd3 
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APPENDIX  E 

CAPPING  EXPOSED  SURFACES 
OF  CONCRETE 

STARVED  ROCK  LOCK  AND  DAM 
ILLINOIS  WATERWAY 


El 


DEPARTMENT  OF  THE  ARMY 

WATEHWAYS  EXPERIMENT  STA1ION  COHI'S  OF  ENliINtSMS 
P O HOX  631 

VICKSHlIHii  MISSISSIPPI  JttlHO 

>•'"  WKSi'C  .lulv  l‘*// 


Ml  MOKANIH’M  KOK  Kl.iOKH 

SIUUIV1':  t'.ipp  1 iif;  pxposoil  sin  I .lips  ol  llonorotp,  r.iintoi  tl.it  o Plots, 

St.llVOil  Kook  .nil!  I'tOSlIl'It  Isl.lltll  D.IIIIS,  I 1 I (in' Is  W.ltOlW.iV 


1.  Tin-  ntulors  ipnoil  vis  it  fit  St.irvoil  Kook  .nnl  I'tosilon  Isl.iiwl  on  S ‘> 
lul\  1M/7  I ol  pnrposos  ol  inspoot  l up,  oortaln  soot  ions  ol  I tie  looks 
.nui  il.tnts  i'oiH.  lining  iloror  ioi.it  is!  oono  i ot  o . I mot  with  Mi.  Ip.n.is 
In.’on.is  (I’liiol  ol  tin*  Strnotnro  Soot  ion),  ill  i o.iv.o  Plstriot),  Mi.  . I t in 
Pt/wo/nik  (i'll  ionp.o  IHstriot),  Mi.  Vto  iloin.tls  t.lollot  Ai  o.i  i'l  I i.r'  , 

.uni  Mi.  I'on  Hvo/.vnskl  t l.ookm.is  t o t ot  St.irvoil  Kook  look  .in.!  I’.im)  . 

Mi.  .In.-on.is  .iskfii  sovoi.il  ijnost  ions  oonooininy,  i osu  t I .to  i no.  I ho  l.iintoi 
p.ito  plots  whioli  1 ooulil  not  nnswof.  Altor  i ol  ni  nini’,  to  WPS,  I o.illoil 
• i moot  nip.  ol  hihor.it  orv  porsonnol  to  pot  tlioli  opinions  on  I hoso 
ipiostions.  I'lioso  in  .ittotulonoo  .iro  list  oil  in  Inol  l. 

. Iho  ipiost  ions  Mi.  .In/on.is  .iskoil  mo  woto  prosontoil: 

,i.  Il  *•  in.  ol  ilotoi  lor.  iti'il  oonoioto  woto  i omovoil  I orm  I ho  osposoil 
suit. ioos  ol  .t  t.iintoi  p.ito  pior.  Won  hi  *•  In.  ol  now  oonoioto  ho  .in 
.lUctpi.Ko  o.ip  owi  t ho  piot  .’ 

h.  Wh.it  won  I it  ho  t ho  host  w.iv  to  l.iston  on  Iho  oonoioto  o.ip  to  I ho 
oh!  o.ip  oons  l ilt*  t inp,  lh.it  t ho  o.ip  ooulil  ho  snhlooto.l  to  l . 1 1 >•.»•  (nip. tot.’ 

I.  I osphiino.l  tli.it  Mi.  .In/on. is  .nnl  I wolo  oonootnoil  .ihont  oovoi  mo. 
up  t ho  ilot  or  lot  .it  oil  oonoioto  lh.it  w.is  not  i omovoil . Iho  plots  .no  K II  . 
w i ili‘  .nnl  in  p 1 ,io  os  t In*  1 1*  is  I . I it.  o I ilo  t o i i ol  .i  t oil  oonoioto  .is  oh  so  i voil 
m ooi  o t .ikon  in  t ho  hot  l/ont.i!  ill  root  ion  on  ono  ship  ol  Iho  piot  . 

Assuming  l li.it  tin'  opposito  ship  ol  Iho  ploi  oont.iinotl  .in  oipi.il  iloptli  ol 
h . til  oonoioto,  thou  .i  l.irpo  volnmo  ol  ilot  or  lor.it  oil  oonoioto  won  hi  tom.iin 
mill t' i .i  oonoioto  o.ip.  Mi.  Moll  oxprossoil  oonoorn  lh.it  ll  Iho  porous 
oonoioto  niiiloi  .i  '•  in.  o.ip  oont.iinoil  w.itoi.  It  won  hi  proh.ihlv  lioo/o 
.nnl  oonhl  ol. lok  till'  o.ip.  Ilo  t honi'.ht  it  worthwhilo  to  oonshloi  I it  |oo  t ini'. 

.in  t'pow  i os  in  oi  olioin  lo.i  I v.ront  into  Iho  porous  oonoioto.  An  opow  losln 
won  hi  hotli  till  vo  his  .mil  inoio.iso  t ho  oonoioto  stronplh.  Iho  lo.isl 


I'.’ 


wf.scc 
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MF.MORANDUM  FOR  RECORD 


SUBJECT:  Capping  exposed  sur laces  of  Concrete,  Tainter  Cate  Piers, 

Starved  Rock  and  Dresden  Island  Danis,  Illinois  Waterway 

amount  ol  space  lor  water  and  hence  freezable  water  would  be  a minimum. 

A.  Mr.  Holt  suggested  that  1 iber  concrete  be  considered  for  capping  the 
piers.  Fiber  concrete  would  be  stronger  than  regular  concrete.  The 
technology  exists  lor  making  a good  quality  fiber  concrete,  and  the 
techniques  ot  placing  and  handling  are  readily  learned. 

S.  It  was  the  consensus  that  a concrete  cap  should  hi'  included  in  the 
first  layer  ot  steel  reinforcement  in  the  pier.  This  would  help  the  cap 
become  an  integral  part  of  the  pier.  It  was  ielt  that  a 9 in.  concrete 
cap  adequately  anchored  and  bonded  to  the  old  concrete  would  In-  a 
sutl icient  cover  over  a pier. 

b.  Mr.  Pace  suggested  that  the  concrete  cap  contain  steel  rock  bolts 
on  a similar  device  that  was  anchored  into  the  old  concrete.  the  bolts 
would  hold  the  cap  to  the  pier.  Mr.  Husbands  recommended  that  the  new 
concrete  be  bonded  to  the  old  concrete  using  an  epoxy  resin.  A stronger 
bond  would  result  using  epoxv  as  opposed  to  placing  the  new  concrete 
directly  on  old  concrete.  He  stated  that  he  would  be  available  to  assist 
field  personnel  in  the  proper  application  ol  the  adhesive.  With  the 
cap  properly  tied  and  bonded  to  the  old  concrete,  the  cap  would  still 
be  subject  to  breaking  it  shock  loaded  by  large  impact,  but  so  would 
tin-  original  pier. 


1 Incl 

R.L.  Stowe 

as 

Concrete  and  Rock  Properties  Branch 
Concrete  l.abora torv 

CP 

Mr.  1.  Juzenas,  NCC 

F.  1 


Attendance  at  Meeting 
Concrete  Laboratory,  11  July  1977 


1 


Richard  L Stowe;  Con.  & Rock  Prop.  Br. 

Kenneth  L Saucier;  Con.  & Rock  Prop.  Br. 

Tony  B.  Husbands;  Chief,  Chemistry  & Plastics  Br. 
George  C.  Hoff;  Chief,  Materials  Properties  Br. 
Carl  E.  Pace;  Structures  Br. 

Tony  Liu;  Structures  Br. 
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Do  1 

- 

Do 1 om 1 1 o 

Sh 

- 

Shale 

Ch 

- 

Che  r t 

Cl 

- 

Clay 

Chy 

- 

Chert y 

Sty 

- 

Stylolitic  Bed 

Intorb 

- 

l n ter bedded 

Sf 

- 

Soft 

Inc 

- 

Indus  ion 

l.yr 

- 

Layer 

Nod 

- 

Nodll  1 e 

W/ 

- 

With 

V 

- 

Very 

Vort 

- 

Vert  leal 

big 

- 

SI Ight ly 

Mod 

- 

Moderately 

Fi 

- 

F i ne 

Ul 

- 

B 1 ue 

in- 

- 

Brown 

Cry 

- 

Cray 

<.'rn 

- 

Cceen 

IKk 

- 

Dark 

Kr 

- 

Fracture 

Ptg 

- 

Part ing 

.11 

- 

Jo  lilt 

SB 

- 

Structural  Break 

BP 

- 

Bedding  Plane 

Prob  MZ 

- 

Probably  Missing  Zone 

FA 

- 

Fine  Aggregate 

CA 

- 

Coarse  Aggregate 

N.it 

- 

Nat  ura l 

Cone 

- 

Cone  ret  e 

Pc 

- 

Piece 

Const 

- 

Const  mot  ion 

Lt 

- 

Light 

Cr 

- 

Cra  in 

U/S 

- 

Upst ream 

D/S 

- 

Downst  ream 

Kl 


In  accordance  with  letter  from  DAEN-RDC,  DAEN-ASI  dated 
22  July  1977,  Subject:  Facsimile  Catalog  Cards  for 
Laboratory  Technical  Publications,  a facsimile  catalog 
card  in  Library  of  Congress  MARC  format  is  reproduced 
below. 


Stowe,  Richard  I 

Concrete  and  rock  core  tests,  major  rehabilitation  of  Starved 
Rock  Lock  and  1'am,  Illinois  Waterway,  Chicago  District,  phase  I, 
rehabilitation  / by  Richard  L.  Stowe,  Barbara  A.  Pavlov,  Cing  S. 
Wong.  Vicksburg,  Miss.  : II.  S.  Waterways  Experiment  Station  ; 
Springfield,  Vi.  : available  from  National  Technical  Information 
Service,  1978. 

i,  55,  (50)  p. , | S 1 | leaves  of  plates  : ill.  ; 27  cm.  (Mis- 
cellaneous paper  II.  S.  Army  Engineer  Waterways  Experiment  Sta- 
tion ; C-78-12) 

Prepared  for  II.  S.  Army  Engineer  District,  Chicago,  Chicago, 

111. 

References:  p.  SS. 

1.  Concrete  cores.  2.  Concrete  tests.  3.  Core  drilling. 

■J . Rock  cores.  S.  Rock  foundations.  0.  Rock  tests  (Laboratory). 
7.  Starved  Rock  Lock  and  Dam.  I.  Pavlov,  Barbara  A.,  joint 
author.  II.  Wong,  Ling  S. , joint  author.  111.  United  States. 
Army.  Corps  of  Engineers.  Chicago  District.  IV.  Scries:  United 
States.  Waterways  Experiment  Station,  Vicksburg,  Miss.  Miscel- 
laneous paper  ; C-78-12. 

TA7 . W34m  no. C-78-12 


